Cellular and humoral responses in baboons infected with            Toxocara canis / by Aljeboori, Tarik I.,
This dissertation has been 
microfilmed exactly as received 69-10,609
ALJEBOORI, Tarik I., 1937- 
CELLULAR AND HUMORAL RESPONSES IN 
BABOONS INFECTED WITH TOXOCARA CANIS.
The University of Oklahoma, Ph.D., 1968 
Biology
University Microfilms, Inc., Ann Arbor, Michigan
THE UNIVERSITY OF OKLAHOMA 
GRADUATE COLLEGE
CELLULAR AND HUMORAL RESPONSES IN BABOONS 
INFECTED WITH TOXOCARA CANIS
A DISSERTATION 
SUBMITTED TO THE GRADUATE FACULTY 
in  p a r t i a l  f u l f i l l m e n t  of th e  requ irem en ts  fo r  the
- degree of 
DOCTOR OF PHILOSOPHY
BY
TARIK I .  ALJEBOORI 
Oklahoma C ity ,  Oklahoma 
1968
CELLULAR AND HUMORAL RESPONSES IN BABOONS 





— The a u th o r  w ishes to  express  h i s  indeb tedness  to  Dr. M. H. Ivey,
h i s  m ajor a d v iso r  and th e  chairman o f  h i s  ad v iso ry  committee. Dr. Ivey 
gave g enerous ly  o f  h i s  t im e , h i s  f r i e n d ly  ad v ice ,  gu idance, and a s s i s ­
tance  i n  w r i t i n g  o f  t h i s  m anuscr ip t.  A p p rec ia t io n  i s  a l s o  extended to  
o th e r  f a c u l ty  members o f  the  Department o f  Labora to ry  P r a c t i c e ,  School o f  
H ea lth ,  fo r  t h e i r  encouragement and a s s i s t a n c e  du ring  th e  g radua te  p ro ­
gram.
He w ishes a l s o  to  acknowledge a c o n s id e ra b le  deb t o f  g r a t i ­
tude t o  Dr. C. S tou t o f  th e  Department of Pathology fo r  h i s  h e lp  in  the  
p r e p a r a t io n  and i n t e r p r e t a t i o n  of th e  h i s t o l o g i c a l  s e c t io n s .  S p ec ia l  
c o n s id e r a t io n - i s  extended to  Dr. Y. G u t ie r r e z ,  Department of L abora tory  
P r a c t i c e  fo r  t e c h n ic a l  drawings and Mr. A. F. H utton, Chief T echno log is t  
fo r  th e  use o f  e l e c t r o p h o r e s i s  equipment. Acknowledgment i s  due to  
Mrs. Tommy Hewett fo r  ty p in g  th e  read in g  and f i n a l  d r a f t  of t h i s  manu­
s c r i p t .  The I r a q i  Government i s  a l s o  due thanks fo r  th e  g radua te  study 
s c h o la r s h ip .
TABLE OF CONTENTS
Page
LIST OF TABLES ......................................................................................................................  v
LIST OF FIGURES...............................................................................................................  v i
Chapter
I .  INTRODUCTION .................................................................................................... I
I I .  LITERATURE REVIEW........................................................................................  5
I I I .  MATERIALS AND METHODS .................................................................................  21
IV. RESULTS............................................................................................................... 34
V. DISCUSSION........................................................................................................ 65
VI. SUMMARY...............................................................................................................  74




1. Dose Levels o f  I n f e c t iv e  Toxocara c a n is  Eggs Given
to  Baboons ................................................................................     26
2. The Maximum White C ell  and E o s in o p h il  Responses in  
Baboons In fe c te d  w ith  V arious Levels o f  I n f e c t iv e
Toxocara ca n is  Eggs ..........................................................................................  38
3. The E ffe c t  o f  Temperature on Antigen-Red C e ll  S e n s i t i z a t i o n  
on th e  S e n s i t i v i t y  o f  th e  H em agg lu tina tion  T es ts  Using 
A n tise ra  from R abbits  In fe c te d  w ith  Toxocara c a n is  or
A sca r is  s u u m ..........................................................................................................  40
4. H em agglu tina tion  T i t e r s  of A n t i -Toxocara and A n t i -A sca r is  
Rabbit Sera Using Various A ntigen S tages  ....................................... 43
5. H em agglu tina tion  T i t e r s  in  Sera from Baboons In fe c te d  With
Toxocara c a n i s . Using Red C e lls  S e n s i t i z e d  With V arious 
Homologous and H eterologous A ntigens ................................................  46
6. Serum P ro te in  Analyses in  Baboons R eceiv ing  One I n f e c t iv e
Toxocara c a n is  Egg Per Gram Body Weight ...............     48
7. Serum P ro te in  Analyses in  Baboons R ece iv ing  Five I n f e c t iv e
Toxocara ca n is  Eggs Per Gram Body Weight ....................................... 49
8. Serum P ro te in  Analyses in  Baboons R ece iv ing  Ten In f e c t iv e
Toxocara can is  Eggs Per Gram Body Weight ....................................... 50
9. Serum P ro te in  Analyses in  Baboons R ece iv ing  Twenty In f e c t iv e
Toxocara can is  Eggs Per Gram Body Weight .............................   51
10. Serum P ro te in  Analyses of N on-In fec ted  Baboons ...........................  52
11. L arva l Recoveries from Organs of Baboons In fe c te d  With
Toxocara can is  .................................................................................................. 55
LIST OF FIGURES
F ig u re  Page
1. The T o ta l  White C e l l  Response in  Baboons Given In f e c t iv e  
Toxocara ca n is  Eggs. The Contro l R epresen ts  th e  Average
of th e  Two U nin fec ted  Animals .................................................................  35
2. E os inoph il  per  cen t  in  Baboons Given D i f f e r e n t  Levels o f  
I n f e c t iv e  Toxocara c a n is  Eggs. The C on tro l Represents  the  
Average o f  th e  Two U ninfected  Animals ..........................................  36
3. The E f fe c t  o f  th e  Temperature of Antigen-Red C e ll  S e n s i t i ­
z a t io n  on the  S e n s i t i v i t y  o f  th e  H em agglu tina tion  Tests
Using A n t is e ra  from Baboons In fec ted  w ith  Toxocara can is  . . .  42
4. H em agglu tina tion  / i t e r s  in  Sera from Baboons In fec ted  w ith  
Toxocara c a n i s .  Using Red C e lls  S e n s i t i z e d  w i th  Various 
Homologous and H etero logous Antigens ......................    44
5. Animal B, Group I I I .  Cerebellum, H & E x 128. The Lesion 
C o n s is ts  o f  an Area of L iq u e fac t io n  N ecro s is  I n f i l t r a t e d  
by Numerous Mononuclear C e l l s ,  R eac tive  A s t ro c y te s ,  and 
Severa l Giant C e l ls  ........................................................................................  59
6. Animal B, Group IV. Lung, H & E x 128. M u lt ip le  Hemosiderin 
Ladened Macrophages A djacent to  Small Pulmonary A rte ry  ..............  59
7. Animal A, Group IV. L iv e r ,  H & E x 50. A Three Month Lesion 
Showing C en tra l  Thick E o s in o p h i l ic  F i b r i l s ,  A pparently  
L arva l Remnants, and O ccasional Giant C e l l .  The F ib ro b la s t s  
in  th e  Capsule a r e  Plump, Randomly A l l ig n e d ,  and I n f i l t r a ­
ted  by a Moderate Number o f  Lymphocytes and Plasma C e lls  . . .  59
8. Animal B, Group I I I .  L iv e r ,  H & E x 128. Recent Lesion
C o n s is t in g  o f  Numerous Thick E o s in o p h i l ic  F i b r i l s  Surroun­
ded by Polymorphonuclear Leukocytes, E o s in o p h i ls ,  Lympho­
c y te s ,  and Plasma C e l ls .  A Few F ib r o b la s t s  a re  P resen t 
Among th e  Inflammatory C e l l s ,  bu t There i s  No Recognized 
C a p s u l e .................................................................................................................  59
9. Animal B, Group I I I .  L iv e r ,  H & E x 320. An Apparent
Recent Lesion Showing C ro ss-S ec tio n  o f  Toxocara Larva
in  H epatic  S inuso id  Surrounded by Polymorphonuclear Leuko­
c y te s  and E os inoph ils  ....................................................................................  61
10. Animal B, Group I I I .  H eart ,  H & E x 128. Recent Lesion
C onta in ing  Two I n ta c t  Larvae, I n f i l t r a t e d  w ith  Lympho­
cy tes  and Plasma C e l ls .  An O ccasional F ib ro b la s t  i s  
Evident ..............................................................................................    61
v i
F igu re  Page
11. Animal A, Group I I I .  P a n c re a t ic  Capsule, H 6e E x 128.
Six Months A f te r  I n f e c t io n  w ith  Toxocara c a n i s . Toxocara 
Larva i s  P re sen t on th e  R ight Surrounded by Deeply S ta in in g  
E o s in o p h il ic  F i b r i l s  Suggesting  Acute L arva l Necrons. The 
C irc u la te  Lesion a t  th e  L ef t  Resembles th e  Center of a 
Well-Developed Granuloma, Although No F ibrous Capsule i s  
Seen. The Surrounding T issue  i s  I n f i l t r a t e d  w ith  Polymorpho­
n u c le a r  Leukocytes, E o s in o p h i ls ,  Lymphocytes, Plasma C e l ls ,
and a Few F ib ro b la s t s  ........................................................................................ 61
12. Animal A, Group I I .  Thyroid , Trichrome x 50. E ight Month
Granuloma C harac te r ized  by C on trac ted , Mature Capsule and
C e n tra l  Giant C e l ls  C onta in ing  C hit inous S l iv e r s .  T rans­
v e rse  S ec tion  o f  the  Larva i s  Also S e e n .................................................. 64
13. Animal B, Group IV. P e r i c a r d i a l  Sac, Trichrome x 128.
Recent Lesions Showing C ro ss-S ec tio n  o f  an I n t a c t  Larva 
Surrounded by Lymphocytes, Plasma C e l l s ,  a Few Polymorpho­
n u c le a r  Leukocytes, and Numerous Plump F ib ro b la s t s  .......................... 64
14. Animal B, Group IV. M esenteric  Lymph Nodes, H & E x 50,
Three Months Granuloma w ith  a F a i r ly  Well-Developed Fibrous 
Capsule. The C e n tra l  Zone Contains Giant C e l l s ,  Amorphous 
D e b r is ,  and an I n ta c t  Larva ..........................................................................  64
V l l




Beaver eit a l .  (1952) added a p re v io u s ly  unrecognized  human p a th ­
ogen to  th e  l i s t  of animal p a r a s i t e s  which cause  d i s e a s e  i n  man. The 
d i s e a s e  was c h a ra c te r i z e d  by c h ro n ic ,  extreme e o s in o p h i l ia  w ith  hepa- 
tom egally  and some degree  o f  pulmonary i n f i l t r a t i o n .  The h ig h e s t  i n c i ­
dence occurs  in  young c h i ld r e n  having  t i s s u e s  in f e c te d  w ith  la rv a e  o f  dog 
a s c a r id s  o f  th e  genus Toxocara and p o s s ib ly  o th e r s .  The above workers 
suggested  th e  term  'V i s c e r a l  l a rv a  m igrans"  fo r  t h i s  d i s e a s e .
Since 1952, two f a c to r s  have led  t o  an in c re a s in g  i n t e r e s t  in  
v i s c e r a l  l a rv a  m igrans. These f a c to r s  a r e :  (1) The r e a l i z a t i o n  th a t
th e  d i s e a s e  i s  more common than  p re v io u s ly  though t.  (2) The h igh  degree  
of damage which th e  d is e a s e  causes  t o  such organs a s  th e  b r a in  (Dent, e t  
a l . , 1956), h e a r t ,  (Friedman and Hervada, 1960), and r e t i n a  ( I rv in e  and 
I r v in e ,  1959; Ashton, 1960; Woodruff e t  a l . , 1961; Duguid, 1961.)
In f e c t io n s  w ith  Toxocara c a n is  in  v a r io u s  sp ec ie s  o f  experim en ta l  
anim als  have been re p o r te d  by many workers in  r e c e n t  y e a rs .  The animal 
s p e c ie s  s e le c te d  was determ ined  by th e  o b je c t iv e  which each worker hoped 
to  a t t a i n .  I n t e r e s t  focused e s p e c i a l l y  on s tu d y in g  th e  on se t  o f  both  
c e l l u l a r  and humoral responses  of in f e c te d  an im als ,  as w e l l  as any changes
1
in  serum p r o te in s  d u r in g  i n f e c t i o n  w ith  c a n i s , the  major c a u s a t iv e  
agent o f  v i s c e r a l  l a rv a  m igrans. Most s tu d ie s  w i th  sm all  la b o ra to ry  
anim als  and some l a r g e r  dom estic  an im als  have r e v e a le d  th a t  th e s e  animal 
sp e c ie s  d em onstra te  an a c u te  e o s in o p h i l i c  re sp o n se  as  c o n t ra s te d  w ith  th e  
ch ro n ic  re sp o n se  o f  humans.
I t  i s  d i f f i c u l t  to  d iagnose  human i n f e c t i o n s  of Tj_ c a n is  c l i n i ­
c a l l y ,  due to  th e  f a c t  t h a t  th e  symptoms invo lved  mimic th o se  o f  o th e r  
d is e a s e  c o n d i t io n s .  B r i l l ,  e t  a l .  (1953) r e p o r te d  th a t  a d ia g n o s i s  may 
be o b ta ined  by d em onstra t ing  la rv a e  in  granulom atous nodules of th e  l i v e r .  
Smith and Beaver (1955) sugges ted  t h a t  m icroscop ic  exam ination  b o th  o f  
s ta in e d  and s e r i a l  s e c t io n s  and o f  d ig e s te d  t i s s u e s  may be n e c e ssa ry  fo r  
such a d ia g n o s i s .  Furtherm ore , H einer and Kevy (1956) re p o r te d  th a t  a 
l e u k o c y to s is  w ith  a marked in c re a s e  in  e o s in o p h i ls  accompanied by a hyper­
gammaglobulinemia may be u s e f u l  in  making a d ia g n o s i s .  Excluding au topsy ,  
th e  d em o n s tra t io n  o f  th e  l a rv a e  can only  be accom plished by l i v e r  b iopsy . 
This procedure  i s  a s s o c ia te d  w ith  r i s k  and may a l s o  g iv e  in c o n c lu s iv e  
r e s u l t s  in  mild c a se s .  This la c k  o f  a conven ien t d ia g n o s t ic  t o o l  has 
g en era ted  much i n t e r e s t  and s tudy  of th e  v a lu e  of v a r io u s  s e r o lo g i c a l  
t e s t s  fo r  the  p resum ptive  d ia g n o s i s  o f  ^  c an is  i n f e c t io n s .
S e ro lo g ic a l  s tu d ie s  on ex p er im en ta l  an im als  and su spec ted  human 
c ase s  o f  v i s c e r a l  la rv a  migrans have been numerous. Most o f  the  common 
s e r o lo g i c a l  te ch n iq u es  have been u sed ,  in c lu d in g  a g a r - d i f f u s i o n  p r e c i p i ­
t i n  t e s t ,  complement-f i x â t ion t e s t s ,  f lo c c u la t i o n  t e s t s ,  s k in  t e s t s ,  
h e m ag g lu t in a t io n  t e s t s ,  S chu ltz -D a le  t e s t s ,  p a s s iv e  cutaneous anaphy la ­
x i s ,  and i n d i r e c t  and d i r e c t  f lu o re s c e n t  t e s t s .  Although th e  d e t e c t i o n  
o f  Toxocara a n t ib o d ie s  i s  p o s s ib le  w i th  a l l  o f  th e  above s e r o lo g i c a l
3t e s t s ,  i n t e r p r e t a t i o n  i s  com plicated by c ro s s  r e a c t io n s  w ith  o th e r  h e l ­
m in ths ,  e s p e c i a l l y  A s c a r i s .
Two a sp e c ts  o f  experim en ta l v i s c e r a l  la rv a  migrans re s e a rc h  
demand f u r th e r  a t t e n t i o n :  (1) F u r th e r  a t te m p ts  to  f in d  a s u i t a b l e
exp er im en ta l  animal th a t  responds to  i n f e c t i o n  w ith  can is  in  a manner 
s im i la r  to  humans, and (2) i n t e n s i f i e d  s tu d ie s  of th e  v a r io u s  s ta g e  
s p e c i f i c  a n t ig e n s  o f  Toxocara and A sca r is  in  an a t tem p t to  f in d  more 
s p e c i f i c  a n t ig e n s  for s e r o lo g i c a l  t e s t s .
The o b je c t iv e s  o f  t h i s  s tu d y  were as  fo l lo w s :
1. To in v e s t i g a t e  the  s u i t a b i l i t y  o f  a p r im a te ,  the  
baboon, (Papio a n u b is ) as a p o t e n t i a l  ex perim en ta l  
model fo r  s tudy ing  th e  c e l l u l a r  and th e  humoral 
responses  and th e  a s s o c ia te d  serum p r o te in  changes 
in  t h i s  h o s t  a f t e r  i n f e c t i o n  w ith  T^ c a n is .
2. To in v e s t i g a t e  and e v a lu a te  fou r d i f f e r e n t  types of 
T. ca n is  a n t ig e n s  ( a d u l t ,  l a r v a l ,  i n f e c t i v e  eggs, and 
h a tc h in g  f l u i d )  by u s in g  th e  m icrohem agg lu tina tion  
t e s t .
3. To in v e s t i g a t e  and compare th e  s p e c i f i c i t y  o f  th e
T. ca n is  a n t ig e n s  w ith  t h e i r  c o u n te rp a r t  A sca r is  suum 
a n t ig e n s  in  o rder to  e v a lu a te  the  u se fu ln e s s  o f  the  
m icrohem agg lu tina tion  method as  a d ia g n o s t ic  t e c h n i ­
que fo r  ^  c a n i s .
4. To in v e s t ig a t e  and s tudy  th e  h i s to p a th o lo g i c a l  e f f e c t s  
as w e l l  as l a r v a l  recove ry  from d i f f e r e n t  organs of 
baboons in fe c te d  w ith  T^ c a n i s . This o b je c t iv e  o r i g i -
4n a l ly  was no t  p lanned , bu t  i t  was inc luded  when some 
o f  th e  anim als d ied  s h o r t ly  a f t e r  th e  second in f e c t io n .
CHAPTER I I
LITERATURE REVIEW
V is c e ra l  la rv a  m igrans, an im portan t zoono tic  human d i s e a s e ,  
was f i r s t  d e f in ed  by Beaver e t  a l .  (1952) as a prolonged m ig ra t io n  of 
l a r v a l  nematodes in  t i s s u e s  o th e r  th an  sk in .  T y p ic a l ly ,  th e  syndrome 
m a n ife s ts  i t s e l f  as a ch ron ic  extreme e o s in o p h i l i a  accompanied by eo s in o ­
p h i l i c  granulomatous le s io n s  in  v a r io u s  o rgans ,  an en la rged  l i v e r ,  and 
some deg ree  o f  pulmonary i n f i l t r a t i o n .  The la rv a e  o f  dog a s c a r id s  o f  the  
genus Toxocara a re  in c r im in a ted  most f r e q u e n t ly .  The syndrome occurs 
p r im a r i ly  in  c h i ld r e n  w ith  a h i s t o r y  o f  geophagia.
Toxocara can is  i s  a common i n t e s t i n a l  roundworm of dogs and i t  
i s  e s p e c i a l l y  common among younger dogs. The in f e c t iv e  egg ha tches  in  
th e  sm all  i n t e s t i n e  o f  dog a f t e r  being  in g e s te d .  The la rv a  p e n e t r a te s  
th e  w a l l  o f  th e  i n t e s t i n e  and i s  c a r r i e d  to  the  lung. The la rv a  then 
m ig ra te s  v i a  the  t r a c h e a  and esophagus to  th e  i n t e s t i n e  where i t  m atures. 
The success  o f  t h i s  p a r a s i t e  in  m a in ta in in g  a h igh  p reva lence  and wide 
d i s t r i b u t i o n  d o u b tle s s  i s  due to  th e  f a c t  t h a t  i t  i s  w e l l  t o l e r a t e d  by 
th e  dog and to  s e v e ra l  s p e c i a l  a d a p ta t io n s  fo r  t r a n s m is s io n .  Douglas and 
Baker (1959) re p o r te d  t h a t  i n f e c t io n  in  th e  dog may be acq u ired  by in g e s ­
t i o n  o f  eggs or th e re  may be p r e n a t a l  t r a n s f e r  o f  la rv a e  from th e  t i s s u e s  
o f  th e  mother to  the  f e tu s ,  where they  may r e s id e  fo r  a year  o r  more.
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6Schacher (1957) and Sprent (1958) r e p o r te d  th a t  dogs can become in fe c te d  
when th e  la rv a e  in  t h e  m o th e r 's  t i s s u e s  pass  to  th e  f e tu s  ( in  u t e r o ) ,  
where they  rem ain  i n  th e  lungs u n t i l  b i r t h .  Furtherm ore , i t  has  been 
shown t h a t  th e  dog a c q u i re s  p a te n t  i n f e c t i o n  by two o th e r  methods. Sprent 
(1958) showed t h a t  th e  dog may become in f e c te d  by e a t in g  a p a ra te n ic  h o s t  
which h a rb o rs  th e  i n f e c t i v e  la rv a e .  Moreover, Sprent (1961) s t a t e d  
t h a t  s e x u a l ly  mature female dogs do no t  a c q u i re  p a te n t  in f e c t io n s  by 
in g e s t io n  o f  eggs, a s  re p o r te d  by s e v e r a l  w orkers ,  bu t may a c q u i re  p a te n t
i n f e c t i o n  due to  th e  in g e s t io n  o f  l a rv a e  passed in  th e  feces  o f  t h e i r  new­
born .
Toxocara i n f e c t i o n  in  humans occurs  p redom inantly  in  very  young 
c h i ld r e n ,  one to  fou r  years  o ld ,  w i th  a h i s t o r y  o f  c lo se  c o n ta c t  w ith  
in f e c te d  dogs and, e s p e c i a l l y ,  geophagia . An a l t e r n a t i v e  method o f  i n f e c ­
t i o n  i s  v i a  consumption of food contam inated  w ith  i n f e c t i v e  eggs of 
Toxocara, p a r t i c u l a r l y  uncooked, l e a f y  v e g e ta b le s .  In humans, th e  in f e c ­
t i v e  eggs h a tc h  in  th e  stomach or the  i n t e s t i n e  a f t e r  being  swallowed.
The la rv a e  m ig ra te  through th e  w a l l  o f  th e  i n t e s t i n e ,  p robably  e n te r  the
blood v e s s e l s  o r  ly m p h a tic s ,  and a r e  c a r r i e d  to  v a r io u s  organs of th e  
body. Toxocara c a n is  la rv a e  a p p a re n t ly  do not reach  m a tu r i ty  in  humans. 
Beaver (1962) dem onstra ted  t h a t  l a rv a e  su rv iv e  fo r  long p e r io d s  o f  time 
in  p a r a t e n ic  h o s ts  and can be recovered  from th e  l i v e r ,  lu n g s ,  ànd b ra in  
a f t e r  s e v e r a l  months.
Numerous w orkers  have co n s id e red  v a r io u s  a sp e c ts  o f  h o s t -p a r a -  
s i t e  r e l a t i o n s h i p s  i n  ex perim en ta l  an im als  and humans in f e c te d  w ith  T. 
c a n i s . This l i t e r a t u r e  review  of T^ c a n is  w i l l  be confined  to  th e  o b je c ­
t i v e s  o f  th e  p r e s e n t  study as o u t l in e d  in  the  i n t r o d u c t io n :  h is to p a th o -
7lo g y ,  an t ib o d y ,  c e l l u l a r ,  and serum p r o te in  responses  i n  baboons in f e c ­
ted  w ith  c a n is ,  and th e  e v a lu a t io n  o f  th e  s e n s i t i v i t y  and s p e c i f i c i t y  
o f  four d i f f e r e n t  Toxocara a n t ig e n s  # i t h  t h e i r  c o u n te rp a r t  A sc a r is  a n t i ­
gens in  s e r o lo g i c a l  t e s t s .
A c l i n i c a l  syndrome o f  c h i ld r e n  c h a ra c te r i z e d  by f e v e r ,  hepato -  
m egally ,  le u k o c y to s is  w ith  marked e o s in o p h i l i a ,  and hyperg lobu linem ia  
was r e p o r te d  b’, P e r l i n g i e r o  and Gyorgy (1947). They a l s o  found sm all ,  
g ray -w h ite  le s io n s  s c a t t e r e d  over th e  s u r fa c e  o f  a l l  lo b es  o f  th e  l i v e r  
and numerous e o s in o p h i l ic  granulomas in  b iopsy  t i s s u e  from a s e le c te d  
a r e a .  Mercer e t  a l .  (1950) and Behrer (1951) reco v e red  la rv a e  from human 
l i v e r  l e s i o n s .  The l a t t e r  worker sugges ted  t h a t  th e  cause  o f  eo s in o p h i­
l i a  was th e  k e r a t i n  which th e  human a s c a r id  l a rv a e  sheds d u r in g  i t s  l i f e  
cy c le  m oults .  During th e  same p e r io d .  Wilder (1950) r e p o r te d  f in d in g  
nematode la rv a e  in  e o s in o p h i l i c  granulomas in  en u c lea ted  eyes of c h i ld r e n  
from d i f f e r e n t  p a r t s  o f  th e  U nited S ta t e s .  Beautyman and Woolf (1951), 
found a s im i la r  l a rv a  in  t h e  l e f t  thalamus of a c h i ld  whose dea th  was due 
to  p o l io m y e l i t i s .  Most of the  cases  w ith  ch ro n ic  e o s in o p h i l i a  and i l l -  
de f ined  e t io lo g y  were g iv en  d i f f e r e n t  names, such as f a m i l i a l  e o s in o ­
p h i l i a ,  e o s in o p h i l ic  pseudoleukem ia, and W eingarten 's  d i s e a s e ,  Beaver 
e t  a l .  (1952) d e sc r ib e d  th r e e  human cases  and i d e n t i f i e d  th e  la rv a e  in  
one of th e se  as  T^ c a n i s , a  dog a s c a r i d .  They suggested  t h a t  t h i s  syn­
drome develops in  p a t i e n t s  w ith  an a l l e r g i c  d i a t h e s i s  and suggested  th a t  
th e  d is e a s e  be c a l le d  " v i s c e r a l  l a rv a  m igrans".  F urtherm ore , Smith and 
Beaver (1953) were a b le  to  e s t a b l i s h  th e  syndrome in  two m e n ta lly  d e fe c ­
t i v e  young c h i ld r e n  by e x p e r im e n ta l ly  i n f e c t in g  them w ith  ^  c a n i s .
Necropsy f in d i n g s ,  h i s to p a th o lo g i c a l  o b s e rv a t io n s ,  and l a r v a l
8recove ry  from d i f f e r e n t  o rgans , bo th  in  humans and exp er im en ta l  an im als ,  
have been re p o r te d  by many w orkers . B r i l l  e t  a l .  (1953) r e p o r te d  au topsy  
f in d in g s  in  a 2 -y e a r -o ld  c h i ld  w ith  e o s in o p h i l i a  and d is sem in a ted  v i s c e ­
r a l  l e s io n s .  Many n e c r o t i c  and granulom atous fo c i  w i th  e o s in o p h i l ic  
i n f i l t r a t i o n  were found in  th e  l i v e r ,  k id n ey s ,  h e a r t ,  and lungs. A 
Toxocara la rv a  was dem onstrated  in  one o f  th e  pulmonary nodules.  Dent 
e t  a l .  (1956) re p o r te d  t h a t  necropsy of a 19-month-old c h i ld  who d ied 
of serum h e p a t i t i s  rev ea led  granulomatous l e s i o n s ,  w ith  and w ith o u t the  
l a rv a e  o f  T^ c a n i s ,  w ide ly  s c a t t e r e d  th roughout the  v i s c e r a  and the  cen­
t r a l  nervous system.
Although th e  la rv a e  have been recovered  most abundan tly  from th e  
l i v e r ,  b r a in ,  and lungs ,  they have a l s o  been found in  o th e r  organs.
N ichols  (1956) showed th a t  the  la rv a e  which Wilder (1950) recovered  from 
human eyes were th o se  of c a n i s . Eye involvement due to  Toxocara 
l a rv a e  has been shown by s e v e ra l  o th e r  workers ( I rv in e  and I r v in e ,  1959, 
Ashton, 1960; Woodruff e t  a l . , 1961; Duguid, 1961). Friedman and Hervada
(1960) re p o r te d  a case o f  v i s c e r a l  l a rv a  migrans w i th  severe  m yocardial 
involvem ent. B ecroft (1964) r e p o r te d  autopsy f in d in g s  o f  a 15-month-old 
c h i ld  who d ied  suddenly from an a c u te  m y o card it is  and pneumonia. M u lt i ­
p le  granulomatous le s io n s  were seen in  the  l i v e r  and in  one le s io n  a T. 
c an is  la rv a  was i d e n t i f i e d .  Furtherm ore , th e  myocardium showed patchy 
i n t e r s t i t i a l  i n f i l t r a t i o n ,  l a rg e ly  lym phocytic , and no granulomas were 
found in  any organs o th e r  than  th e  l i v e r .  Correa e^  a l .  (1966) d esc r ib e d  
an in c id e n t a l  le s io n  due to  T^ ca n is  la rv a  in  th e  myocardium o f  a 1 4 -yea r-  
o ld  g i r l  who d ied  suddenly, probab ly  from food in t o x ic a t i o n .  The l e s i o n  
c o n s is te d  o f  a t h i c k  f ib ro u s  cap su le  surrounded by lo o se  connec tive  t i s ­
9sue and some e o s in o p h i l ic  i n f i l t r a t i o n .  Moore (1962) dem onstra ted  granu- 
lomata in  th e  b r a in  o f  a c h i ld  whose d ea th  was a t t r i b u t e d  to  lead  po ison­
ing and to x o c a r io s i s .  The granulom ata were s p h e r ic a l  and were composed 
o f  a n e c r o t i c  a re a  around each la rv a  surrounded by d i s in t e g r a t e d  leuko­
c y te s ,  followed by an a re a  o f  e p i t h e l i o i d  c e l l s .  Surrounding th e  e p i th e ­
l i a l  c e l l s  t h e r e  was a band o f  f ib r o c y te s  and c o l la g e n  and w i th in  the  
i n t e r s t i c e s  o f  t h i s  zone th e r e  were lymphocytes, plasma c e l l s ,  and eo s in o ­
p h i l s .  Brain  and A llan  (1964) r e p o r te d  a case  o f  c e n t r a l  nervous system 
involvement due to  T^ _ can is  l a rv a e .
S tud ies  on th e  behav io r  o f  T^ c a n is  and r e l a t e d  a s c a r id  la rv a e  
in  experim en ta l an im als ,  as  w e l l  as  l a r v a l  recove ry  from d i f f e r e n t  organs, 
have been re p o r te d  by s e v e ra l  w orkers .  Sprent (1952, 1955) and Smith 
and Beaver (1953) re p o r te d  t h a t  c an is  la rv a e  remained in  th e  l i v e r  
o f  mice fo r  a few days , then  m igra ted  to  th e  m uscles, b r a in ,  and in  
l e s s e r  numbers, to  o th e r  o rgans . A f te r  s ix  months to - a  year  a la rg e  
p ro p o r t io n  o f  the  la rv a e  s t i l l  p e r s i s t e d  in  the  b r a in  and muscles and 
were i n f e c t iv e  when fed to  o th e r  an im als .  Sprent (1952 and 1953) was 
a b le  to  recover  16.0 to  26.8  per  cen t  o f  th e  Tj_ ca n is  la rv a e  from the  
t i s s u e s  of in fe c te d  mice. Oshima (1961) found t h a t ,  44 to  48 hours a f t e r  
in o c u la t io n ,  98 per  cen t of th e  la rv a e  recovered  from mice were in  th e  
l i v e r  and lungs . Lee (1960) re p o r te d  th a t  whereas 60 per  cen t o f  the  
l a rv a e  could be recovered  from mice given a s in g l e  i n f e c t i o n ,  recovery  
was 20 per cen t l e s s  in  mice g iven  an a d d i t i o n a l  i n f e c t io n .  F u r th e r ­
more, he s t a t e d  t h a t  the  super i n f e c t i o n  had no app aren t  e f f e c t  on the  
e x te n t  of e n c a p su la t io n ,  but i t  d id  in c re a s e  th e  r e l a t i v e  number o f  
encap su la ted  la rv a e  in  the  l i v e r .
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Done e t  a l .  (1960) u s in g  th e  p ig  a s  an experim en ta l an im al, found 
t h a t  ^  c a n is  l a rv a e  m ig ra ted  to  a l l  p a r t s  o f  th e  body. Lesions c h a ra c ­
t e r i s t i c  of v i s c e r a l  l a rv a  migrans were found in  th e  l i v e r ,  lung , h e a r t ,  
b r a i n ,  s p i n a l  co rd ,  g a s t r o - s p l e n i c  lymph nodes, p an c re as ,  tongue, a d re n a l  
diaphragm , and v o lu n ta ry  m uscles. Marked l o c a l  e o s in o p h i l i a  and g ranu­
loma fo rm ation  were observed , even in  th e  e a r ly  s ta g e s  of i n f e c t io n .  
Higashikawa (1961) re p o r te d  t h a t  la rv a e  o f  ^  ca n is  m igrated  to  th e  l i v e r ,  
b r a i n ,  m uscle , k idney , and h e a r t  o f  mice. A f te r  240 days, f ib r in o id  
d e g e n e ra t io n  o f  c o l la g e n  was seen and th e  l a rv a e  were surrounded by hard 
f ib ro u s  ca p s u le s .  In th e  b r a in ,  however, th e  la rv a e  were u s u a l ly  f r e e  
and c e l l u l a r  r e a c t io n s  were no t c l e a r ,  except in  c e r t a i n  s ta g e s .  Beaver 
(1962) r e p o r te d  t h a t  th e  d i s t r i b u t i o n  o f  th e  l a rv a e  o f  ca n is  in  t i s s u e s  
o f  v a r io u s  ex perim en ta l  an im als  (mice, r a t s ,  h am ste rs ,  guinea p ig s ,  
r a b b i t s ,  and monkeys) v a r i e s  c o n s id e ra b ly .  In g e n e ra l ,  th e  organs most 
a f f e c t e d  were l i v e r ,  m uscle , b r a in ,  and lungs .  A f te r  12 to  15 months, 
a  s i g n i f i c a n t  number o f  l a rv a e  were recovered  from the  b r a in  o f  the  mouse, 
r a t ,  ham ste r ,  and guinea p ig ,  but in  th e  r a b b i t  and th e  monkey th e re  were 
many in  th e  l i v e r  and few i n  the  b r a in .  In  the b r a in ,  th e  la rv a e  u s u a l ly  
remained f r e e ,  w h ile  in  a l l  o the r  organs they  become enclosed  in  f ib ro u s  
c a p s u le s .  Sheep, ch ick en s ,  and goa ts  have been in fe c te d  w ith  can is  
( S c h a e f f l e r ,  1960; G alvin , 1964; and S inha, 1966). Fernando (1968) 
recove red  la rv a e  from the l i v e r  and lungs o f  r a b b i t s  in fe c te d  w i th  T. 
c a n is  and a l s o  observed w h ite  fo c i  in  th e  l i v e r ,  k idney, and lungs. 
Moreover, the  animals which r e s i s t e d  th e  e f f e c t s  o f  r e i n f e c t i o n  w ith  a 
l e t h a l  dose o f  la rv a e  showed an enhanced an t ib o d y  response  as  shown by 
com p lem en t- f ix a t io n  and a g a r - d i f f u s i o n  p r e c i p i t i n  t e s t s .  The immunity
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was d i r e c t e d  p r im a r i ly  a g a in s t  th e  m ig ra t io n  o f  l a rv a e  to  th e  lungs .
Much has been w r i t t e n  on th e  c e l l u l a r  and humoral responses  of 
a h o s t  to  p a r a s i t e s .  I t  has been suggested  t h a t  bo th  responses  p lay an 
im portan t r o l e  in  the  f u n c t io n a l  re sp o n se  o f  th e  hos t to  many p a r a s i t i c  
nematodes. S a r le s  (1938) dem onstra ted  acq u ire d  r e s i s t a n c e  in  r a t s  i n f e c ­
te d  w i th  N ippostrongy lus  muris and sugges ted  t h a t  th e  r e s i s t a n c e  was aided  
by humoral an t ib o d y , s in c e  a p r e c i p i t a t e  was formed on th e  c u t i c l e  and 
th e  o r a l  and ex c re to ry  o r i f i c e s  o f  th e  l a rv a e  and in  the  i n t e s t i n e  o f  
m ature and immature a d u l t s  exposed t o  immune s e r a .  The im portance of 
th e  h o s t s '  c e l l u l a r  r e a c t io n  to  p a r a s i t i c  nematode i n f e c t i o n  has been 
s tu d ie d  by s e v e r a l  w orkers .  T a l i a f e r r o  and S a r le s  (1939), working w ith  
N. muris in  r a t s ,  in d ic a te d  t h a t  immunity a g a in s t  t h i s  nematode was 
l a r g e l y  dependent upon humoral f a c t o r s  w i th  secondary c e l l u l a r  coopera­
t i o n .  Moreover, they  s t a t e d  t h a t  e o s in o p h i ls  in  l a rg e  numbers were 
a s s o c ia t e d  w ith  th e  immune r e a c t i o n ;  Larsh and Race (1954), working w ith  
T r i c h i n e l l a  s p i r a l i s , made s im i l a r  o b s e rv a t io n s .  Wells (1962) rep o r te d  
t h a t  r e s i s t a n c e  to  ^  muris was due to  th e  p ro d u c t io n  o f  a n t ib o d ie s  and 
t h a t  the  c e l l u l a r  r e a c t io n s  p layed  a  s i g n i f i c a n t ,  bu t s u b s id ia ry  r o le .
In s p i t e  o f  th e  e x te n s iv e  work done on the e o s in o p h i l ,  th e re  i s  
s t i l l  no agreement o r  c o n c lu s iv e  ev idence  " a v a i l a b le  on i t s  fu n c t io n s  or 
on th e  f a c t o r s  t h a t  induce i t s  in c re a s e  in  both  t i s s u e s  and blood. Eosi­
n o p h i l i a  u s u a l ly  accompanies c o n d i t io n s  such as p a r a s i t i c  in f e c t io n s ,  
c e r t a i n  tum ors, a l l e r g i c  d i s o r d e r s ,  p o l y a r t e r i t i s  nodosa, and fungal 
i n f e c t i o n s .  G en e ra l ly ,  t i s s u e  p a r a s i t e s  and p a r a s i t e s  t h a t  spend a t  
l e a s t  p a r t  o f  t h e i r  l i f e  c y c le  o u ts id e  th e  d ig e s t iv e  t r a c t  a re  more e o s i -  
n o p h ilo g en ic  than  a r e  th o se  t h a t  r e s id e  only  in  the  d ig e s t iv e  t r a c t .  Mild
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or severe  cases  of e o s in o p h i l ia  have been observed in  p a t i e n t s  in f e c te d  
w ith  A sc a r is ,  Toxocara, S t ro n g y lo id e s , T r i c h in e l l a ,  and many o th e r  h e l ­
m inths. S evera l workers have shown th a t  bo th  t i s s u e  and blood e o s in o ­
p h i l s  in c re a sed  in  animals e x p e r im en ta l ly  in f e c te d  w ith  v a r io u s  p a ra ­
s i t i c  nematodes, fo r  example, ^  ca n is  in  r a b b i t s ,  (Sadun e^  a l . , 1957); 
Litmosoides c a r i n i i  in  c o t to n  r a t s ,  (Olson, 1959); Haemonchus c o n to r tu s  
in  sheep, (Soulsby, 1960); ^  muris in  r a t s ,  (Wells, 1962); T r i c h in e l l a  
s p i r a l i s  in  mice, (Scardino and Zaiman, 1962); T^ ca n is  in  guinea p ig s ,  
(Sharp and Olson, 1962; and Olson and Schulz , 1963).
I t  has been re p o r te d  t h a t  in j e c t i o n s  o f  he lm in th  e x t r a c t s ,  
fo re ig n  p r o t e i n ,  o r  h is tam ine  w i l l  a l s o  induce e o s in o p h i l i a  i n  b lood, 
lu n g s ,  and o th e r  organs. Campbell a t  a l .  (1935) p o in ted  out t h a t  the  
p r o te in  must be fo re ig n ,  i t  must be in je c te d  r e p e a te d ly ,  and th e  time 
in t e r v a l  fo llow ing  the  f i r s t  i n j e c t i o n  must correspond  w ith  t h a t  u s u a l ly  
found n ece ssa ry  fo r  s e n s i t i z a t i o n  t o  develop . They concluded th a t  th e  
a l l e r g i c  r e a c t i o n ,  r a th e r  than the  fo re ig n  p r o te in  i t s e l f ,  t h a t  s t im u­
la te d  blood e o s in o p h i l ia .  Campbell (1943) r e p o r te d  e o s in o p h i l i a  in  
guinea p igs  in je c te d  w ith  ^  suum k e r a t i n  fo llow ing  p r i o r  s e n s i t i z a t i o n  
w ith  the  m a te r ia l .  Speirs  (1955) a l s o  dem onstra ted  an in c re a se  in  the  
number o f  e o s in o p h i ls  in  the  p e r i t o n e a l  c a v i ty  o f  mice a f t e r  m u l t ip le  
i n t r a - p e r i t o n e a l  i n j e c t i o n  o f  A sc a r is  e x t r a c t .  Soulsby (1962) dem onstra­
ted  th a t  th e  c u t i c l e s  of A sca r is  and N ippostrongylus  la rv a e  were a n t i ­
gen ic  and observed th a t  l a rv a e  w i th  an tibody  absorbed to  th e  c u t i c l e  
a t t r a c t e d  e o s in o p h i ls  and t r a n s i t i o n a l  macrophages v i t r o . Other 
c e l l s ,  in c lu d in g  lymphocytes, mast c e l l s ,  and polymorphs, were not 
a t t r a c t e d .
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Vaughn (1952) dem onstrated  e o s in o p h i l i a  in  guinea p ig s  i n j e c ­
te d  w ith  a h igh  m olecu la r  w e igh t ,  p r o t e i n - f r e e  p o ly sa c c h a r id e  e x t r a c te d  
from ^  suum. The e o s in o p h i l i a  d isappea red  a f t e r  an a n t ih i s ta m in e  was 
g iven .  Vaughn (1953) and Archer (1959) s t im u la te d  t i s s u e  e o s in o p h i l ia  
by lo c a l  i n j e c t i o n  o f  h is ta m in e .  L i t t  (1961, 1962, 1963, 1964) claimed 
t h a t  such an e o s in o p h i l i a  i s  an i n c i p i e n t  type compared to  t h a t  caused 
by th e  p resence  o f  immune complexes. Furtherm ore , he showed t h a t  a n t ig e n -  
an t ib o d y  complexes produced e o s in o p h i l i a  by t h e i r  mere p re se n c e ,  in  both  
u n s e n s i t i z e d  and s e n s i t i z e d  an im als .  He a l s o  showed t h a t  h is ta m in e  was 
no t a major m ediato r of e o s in o p h i l i a .  However, Arean (1958) re p o r te d  
t h a t  th e  accum ula tion  of e o s in o p h i ls  a t  th e  s i t e  of the  i n j e c t i o n  o f  
A sc a r is  eggs was too rap id  to  be exp la ined  on th e  b a s i s  of an a n t ig e n -  
an tib o d y  r e a c t io n .  In a d d i t io n ,  Huntly and Costas (1965) re p o r te d  on a 
c h i ld  which e x h ib i te d  massive e o s in o p h i l i a  in  s p i t e  o f  an a lm ost complete 
absence o f  immune g lo b u l in s .  They suggested  t h a t  th e  e o s in o p h i l i a  of 
p a r a s i t i c  d is e a s e  may be u n re la te d  to  an a n t ig e n -a n t ib o d y  r e a c t io n .
Uvnas (1960, 1963) re p o r te d  t h a t  A sca r is  e x t r a c t s  a r e  p o te n t  h is ta m in e  
r e l e a s e r s  by v i r t u e  o f  t h e i r  a b i l i t y  to  d e g ra n u la te  mast c e l l s .  He a l s o  
s t a t e d  t h a t  the  e x t r a c t s  i n i t i a t e d  th e  r e l e a s e  o f  an enzyme r e l a t e d  to  
phospho lipase  which causes  a slow c o n t ra c t io n  o f  smooth m uscles. Stew art 
(1953) showed th a t  the  s e l f - c u r e  r e a c t io n  which occurs in  sheep in fe c te d  
w ith  ^  c o n to r tu s  i s  a s s o c ia te d  w ith  a r i s e  in  blood h is ta m in e .  He
a l s o  dem onstrated  t h a t  a n t ih is ta m in e  e l im in a te s  th e  s e l f - c u r e  phenomenon
but does no t have any e f f e c t  on th e  an t ibody  response  to  th e  p a r a s i t e .
C o n tra d ic to ry  views p r e v a i l  concern ing  th e  h is ta m in e  con ten t of
e o s in o p h i ls  and th e  e o s in o p h ilo g en ic  p r o p e r t i e s  of h is ta m in e .  Vaughn
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(1953) r e p o r te d  t h a t  e o s in o p h i ls  co n ta in  an a n t ih i s ta m in e  substance  and 
he b e l ie v e d  i t  to  be the  c h i e f  component o f  t h e i r  g ra n u le s .  He advocated 
th e  view t h a t  h is tam ine  i s  c y t o t a c t i c  fo r  e o s in o p h i ls  and th a t  one o f  
th e  fu n c t io n s  o f  th e  e o s in o p h i l  i s  the  d e t o x i f i c a t i o n  o f  h is ta m in e .
Vaughn (1961) in j e c te d  p o ly sa c c h a r id e s  and p r o te in  e x t r a c t s  o f  A sca ris  
in t o  subcutaneous t i s s u e s  o f  immune and non-immune guinea p ig s  and found 
ev idence  su g g e s t in g  t h a t  e o s in o p h i ls  fu n c t io n  as ag en ts  which absorb 
n e u t r a l i z e ,  remove, and o the rw ise  d e a l  w ith  subs tances  l e t h a l  to  o th e r  
c e l l s .  L i t t  (1964) s t a t e d  th a t  e o s in o p h i ls  c o n ta in  h is ta m in e  and he main­
ta in e d  t h a t  h is ta m in e  was no t e o s in o p h i lo g e n ic .
Phagocy tosis  i s  th e  o th e r  major r o l e  sugges ted  fo r  e o s in o p h i ls .  
They have been shown to  phagocy tize  d is ru p te d  mast c e l l  g ran u le s  (Welsh 
and Geer, 1959), he te ro lo g o u s  blood c e l l s  (Archer and H irsch ,  1963), and 
a n t ig e n -a n t ib o d y  complexes (Archer and H irsch ,  1963; S abes in ,  1963; L i t t ,  
1964). The l a t t e r  two workers suggested  t h a t  phagocy tosis  and d i s p o s a l  
o f  a n t ig e n -a n t ib o d y  complexes were s p e c i f i c  fu n c t io n s  o f  e o s in o p h i ls .
Such complexes may a l s o  be removed by n e u t ro p h i l s  and macrophages, as 
no ted  by P a t t e r s o n  e t  a l .  (1962). S pe irs  (1958) proposed th a t  n e u t ro ­
p h i l s  and e o s in o p h i ls  undertake  the  phagocy tosis  o f  a n t ig e n ic  m a te r ia l  
i n  inflamm atory fo c i .  He p o s tu la te d  t h a t  e o s in o p h i ls  p lay  an e a r ly  and 
im portan t r o l e  in  an tibody  form ation.
Smith and Beaver (1953) e s t a b l i s h e d  v i s c e r a l  l a rv a  migrans in f e c ­
t i o n s  in  two young c h i ld r e n  by g iv in g  each c h i ld  200 in f e c t i v e  ^  can is  
eggs. They r e p o r te d ,  t h a t  a l though  they  remained asymptomatic, the  c h i l ­
d ren  developed e o s in o p h i l i a  which p e r s i s t e d  fo r  more than  13 months. One 
c h i ld  developed an e o s in o p h i l i a  o f  527, w h ile  th e  o th e r  c h i ld  reached a
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peak e o s in o p h i l i a  o f  20% w i th in  one mojith a f t e r  o r a l  i n f e c t io n .  Chaudhuri 
and Saha (1959) dem onstra ted  a marked e o s in o p h i l ia  (26%) t h i r t e e n  days 
a f t e r  i n f e c t i n g  a human v o lu n te e r  o r a l l y  w ith  100 can is  eggs. On 
th e  30th day a f t e r  i n f e c t i o n  th e  e o s in o p h i l ia  peaked a t  62% and i t  
remained between 40 and 50% fo r  f iv e  months t h e r e a f t e r .
S evera l  workers have shown th a t  maximum-eosinophilic re sponses  
in  v a r io u s  anim al sp ec ie s  develop w i th in  two w eeks , 'a f te r  i n f e c t i o n  w ith  
nem atodes: c an is  in  r a b b i t s ,  (Sadun e t  a l . , 1957); D ictvocau lus  v i v i -
parus in  c a t t l e ,  (Weber and Rubin, 1958); T r i c h in e l l a  in  r a t s ,  (Scardino 
and Zaiman, 1962). Wells (1962) dem onstra ted  a marked e o s in o p h i l i a  in  
r a t s  12 days a f t e r  i n f e c t i o n  w i th  ^  muris which was accompanied by a 
marked d ec re ase  in  the  number of mast c e l l s .  He suggested t h a t  t h i s  
d ec re ase  in  mast c e l l s  was due to  t h e i r  d i s r u p t io n  and the r e l e a s e  o f  
h is ta m in e  which a p p a re n t ly  a t t r a c t e d  eo s in o p h i ls  whose fu n c tio n  was to  
remove th e  excess  h is ta m in e .
Olson and Schulz . (1963) showed t h a t  th e  onse t and th e  e x te n t  
o f  e o s in o p h i l i a  were dose dependent in  guinea p igs  in fe c te d  w ith  c a n i s . 
A maximum e o s in o p h i l i a  o f  39% was observed approxim ate ly  two weeks a f t e r  
i n f e c t i o n .  They suggested  th a t  th e  d e c l in e  in  th e  e o s in o p h i l  count a f t e r  
th e  second week o f  i n f e c t io n  may be r e l a t e d  to  th e  n eg a t iv e  l a r v a l  recov ­
e r i e s  w ith  an im als  necrops ied  on day 14. However, Beaver (1962) re p o r te d  
t h a t  26.4% o f  th e  la rv a e  were recovered  from guinea p ig s  one y e a r  a f t e r  
they  were in f e c te d  w ith  ^  c a n is .  Ivey (1965) accomplished even h ig h e r  
l a r v a l  r e c o v e r i e s  from th e  l i v e r s  o f  guinea p igs 10 weeks a f t e r  in f e c t io n  
w ith  T. c a n i s . Sinha (1966), u s ing  the  goat as  an experim en ta l an im al, 
found a marked in c re a s e  (24%) in  th e  e o s in o p h i l ic  response  between the
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5 th  and 7 th  week a f t e r  i n f e c t i o n  w ith  c a n i s . He concluded t h a t  t h i s  
in c re a s e  in  the  e o s in o p h i l  counts  was no t r e l a t e d  to  th e  number o f  i n f e c ­
t i v e  eggs fed .
A s u b s t a n t i a l  amount o f  work has been done on th e  s e r o lo g i c a l  
d ia g n o s is  o f  can is  i n f e c t i o n  in  bo th  ex p er im en ta l  an im als  and in  human 
cases  su spec ted  o f  be ing  in f e c te d  w ith  v i s c e r a l  la rv a  m igrans. By us ing  
the  a g a r - d i f f u s i o n  p r e c i p i t i n  te chn ique  Heiner and Kevy (1956) dem onstra­
te d  a r e a c t i o n  between Toxocara l a r v a l  a n t ig e n  and human serum from a 
suspected  case  o f  v i s c e r a l  l a r v a l  m igrans. Sadun e t  a l .  (1957) r e p o r ­
ted  th a t  s p e c i f i c  a n t ib o d ie s  were produced in  r a b b i t s  in fe c te d  w ith  T. 
c a n i s . Using a d u l t  Toxocara a n t ig e n  in  th e  b e n to n i te  f l o c c u la t i o n  t e s t ,  
the  a n t ib o d ie s  were d e t e c ta b le  in  a r e p ro d u c ib le  manner two to  th r e e  weeks 
a f t e r  i n f e c t io n .  Complement f i x a t i o n  and p r e c i p i t i n  t e s t s  gave l e s s  r e ­
p ro d u c ib le  r e s u l t s .  These workers a l s o  d e te c te d  a n t ib o d ie s  in  Rhesus 
monkeys t h a t  had rec e iv e d  900,000 i n f e c t iv e  ^  can is  eggs over a p er iod  
o f  one y e a r .  The a n t ib o d ie s  were d e tec te d  a t  a t i t e r  o f  1 ;5 t o  1:40 by 
f l o c c u la t i o n  t e s t s  one y e a r  a f t e r  th e  l a s t  i n f e c t i o n .  The a u th o rs  con­
cluded t h a t  s u f f i c i e n t  in fo rm atio n  was not y e t  a v a i l a b l e  r e g a rd in g  th e  
s e n s i t i v i t y  and s p e c i f i c i t y  o f  th e se  t e s t s  to  j u s t i f y  t h e i r  use  fo r  the  
la b o ra to ry  d ia g n o s is  o f  v i s c e r a l  la rv a  m igrans.
Jung and Pacheco (1958) showed th a t  t h e  sk in  t e s t  d id  n o t  appear 
to  be o f  v a lu e  in  d i s t i n g u i s h in g  A scaris  from Toxocara i n f e c t i o n s  w ith  
th e  use o f  e i t h e r  a d u l t  or l a r v a l  a n t ig e n s  o f  bo th  s p e c ie s .  However, 
Duguid (1961), u s ing  a d u l t  and in f e c t iv e  egg Toxocara a n t ig e n s ,  and Wood­
r u f f  e t  a l .  (1964), u s in g  a d u l t  Toxocara a n t ig e n ,  r e p o r te d  prom ising
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p o s i t i v e  sk in  t e s t  r e s u l t s  iq  cases  o f  suspected  v i s c e r a l  l a rv a  m igrans. 
Kagan (1958) found t h a t  a n t ig e n s  o f  Toxocara and A sc a r is  worms c ro s s  
r e a c t  in  th e  h em ag g lu tin a tio n  t e s t  w ith  a n t i s e r a  p repared  a g a i n s t  a d u l t  
worm e x t r a c t s  of e i t h e r  s p e c ie s .  A bsorp tion  w ith  h e te ro lo g o u s  a n t ig e n  
removed c r o s s - r e a c t i n g  a n t ib o d ie s  and produced g e n u s - s p e c i f i c  a n t i s e r a .  
Olson and Schulz (1963) r e p o r te d  a p o s i t i v e  v i t r o  l a r v a l  p r e c i p i t i n  
t e s t  u s in g  guinea p ig  s e ra  c o l l e c t e d  28 days a f t e r  i n f e c t i o n  w ith  T. 
c a n i s .
A n tigen ic  c r o s s - r e a c t io n s  between nematode p a r a s i t e s  a r e  a  major 
problem in  u n d ers tan d in g  and i n t e r p r e t a t i n g  p o s i t i v e  s e r o l o g i c a l  t e s t s .  
The c r o s s - r e a c t i o n s  between A sc a r is  and Toxocara systems have been con­
firmed u s in g  b e n to n i te  f l o c c u la t i o n  and h em ag g lu t in a t io n  t e s t s  (Kagan, 
e t  a l . , 1959); a l s o  h em ag g lu tin a tio n  t e s t  (Jung and Pacheco, 1960); p r e ­
c i p i t i n  t e s t s  (Olson, 1960); S chu ltz -D a le  t e s t s  (Sharp and Olson, 1962); 
and a g a r - d i f f u s i o n  p r e c i p i t i n  te chn iques  (Huntly and Moreland, 1963).
Ivey (1965), u s in g  S chu ltz -D a le  d e s e n s i t i z a t i o n  te c h n iq u e s ,  p re se n te d  
ev idence  t h a t  ^  can is  l a r v a l  a n t ig e n s  a re  o f  more d ia g n o s t ic  im portance 
th a n  a r e  a d u l t  a n t ig e n s .  Furtherm ore , Ivey (1967) r e p o r te d  t h a t  a n t i ­
bod ie s  in  r a b b i t s  and guinea p igs  could be d e te c te d  by p a s s iv e  c u ta n e ­
ous anaphy lax is  t e s t s  the  second week a f t e r  i n f e c t i o n .  M i tc h e l l  (1964) 
re p o r te d  a c ro s s  r e a c t io n  between A sca r is  and Toxocara us ing  th e  i n d i r e c t  
f lu o re s c e n t  an tibody  t e s t .  However, H ogarth -S co tt  (1966), u s in g  th e  
d i r e c t  immunofluorescence te ch n iq u e ,  found no c ro s s  r e a c t io n s  when s e ra  
from in d iv id u a ls  in fe c te d  w ith  o th e r  nematodes were t e s t e d  w i th  Toxocara 
la rv a e .
In r e c e n t  y e a r s ,  e l e c t r o p h o r e t i c  te chn iques  have been w idely
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used bo th  i n  human and v e t e r in a r y  m edicine fo r  a n a ly s i s  o f  p r o t e i n  f r a c ­
t i o n s  fo r  d i a g n o s t i c  pu rposes .  Kagan and Goodchild (1961) s t a t e d  th a t  
p a r a s i t o l o g i s t s  were a l s o  f in d in g  in c re a s in g  use fo r  e l e c t r o p h o r e t i c  
te ch n iq u es  in  th e  a n a ly s i s  of he lm in th  i n f e c t io n s .  Changes i n  h o s t  
serum p r o te in  p a t t e r n s  a f t e r  nematode in f e c t io n s  have been shown by 
s e v e r a l  w orkers .  Leland e ^  a l .  (1955) noted th a t  in  r a t s  in f e c te d  w ith  
N. muris th e  t o t a l  serum p r o t e i n  was s l i g h t l y  in c re a s e d ,  th e  b e ta  
g lo b u l in  was s i g n i f i c a n t l y  in c re a s e d ,  and th e  in c re a se  in  the  b e ta  g lobu­
l i n  was dose dependent. Sadun e t  a l .  (1957) r e p o r te d  th a t  r a b b i t s  i n f e c ­
te d  w ith  2 ^  c a n is  develop a hypergammaglobulinemia and an in c re a s e  in  th e  
a lp h a -1  g lo b u l in  f r a c t i o n  o f  th e  serum. Weber (1957) s tu d ie d  the  serum 
p r o t e i n  changes in  c a t t l e  in f e c te d  and r e in f e c te d  w ith  D ic tyocau lus  v i v i -  
pa rus  in  an  a t tem p t to  c o r r e l a t e  th e  in c re a se  in  gamma g lo b u l in  w ith  a n t i ­
body fo rm ation  and e o s in o p h i l i a .  He found an in c re a s e  in  the  gamma g lo ­
b u l i n  and s t a t e d  t h a t  th e  in c re a s e  in  th e  gamma g lo b u l in  and th e  eos ino ­
p h i l s  appeared to  be a s s o c ia te d  w ith  in c re a sed  an tibody  t i t e r s  in  the  
serum of t h e - i n f e c t e d  an im als .
Leland e^  a l .  (1959) dem onstrated  an in c re a s e  in  th e  a lpha-2  
g lo b u l in  l e v e l ,  a hypopro te inem ia , and a dec rease  in  th e  albumin in  c a l ­
ves in f e c te d  w ith  T r ich o s tro n g y lu s  a x e i . Turner (1959), s tu d y in g  S trongy- 
lo id e s  p a p i l lo s u s  in f e c t io n s  in  lambs, found an in c re a s e  in  bo th  be ta  
and gamma g lo b u l in s .  The b e ta  g lo b u l in  reached i t s  h ig h e s t  c o n c e n tra ­
t i o n  th e  t h i r d  week a f t e r  i n f e c t io n .  He a t t r i b u t e d  th e se  in c re a s e s  to  
"an tib o d y "  fo rm ation . Andersen e t  a l .  (1960) noted  an in c re a s e  in  one 
or more o f  th e  serum g lo b u l in s  and a marked dec rease  in  albumin in  ca lves  
in f e c te d  w i th  O s te r ta g ia  o s t e r t a g i .
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Nash (1965) found an  in c re a s e  in  the  gamma g lo b u l in  in  mice 
in f e c te d  w ith  c a n i s . The r e s u l t s  of a n t ig e n -a n t ib o d y  a b so rp t io n  s tu ­
d ie s  suggested  t h a t  th e  in c re a s e  was not due to  th e  p ro d u c tio n  of a n t i ­
b o d ie s  bu t was p robab ly  due to  b a c t e r i a l  in v a s io n  of th e  e x t r a - i n t e s t i n a l  
t i s s u e s  fo llow ing  p e n e t r a t i o n  o f  la rv a e .  Beaver e^  a l .  (1952, 1956) and 
H untly  and Costas (1965) no ted  a hypergammaglobulinemia in  d iagnosed and 
su sp ec ted  cases  o f  v i s c e r a l  l a rv a  migrans. Snyder (1961) a l s o  re p o r te d  
th a t  hyperg lobu linem ia  was a f e a tu r e  in  most of th e  severe  cases  of 
v i s c e r a l  l a rv a  m igrans. Furtherm ore , Beaver (1962) rep o r te d  t h a t  th e re  
was a  d i r e c t  r e l a t i o n s h i p  between the  degree  of e o s in o p h i l i a  and hyper­
g lobu linem ia  in  m ost, b u t  n o t  a l l ,  cases  d iagnosed as v i s c e r a l  la rv a  
m igrans .
Shedlousky and Scudder (1942) found th a t  in flam m ation  and t i s s u e  
damage were a s s o c ia te d  w ith  an in c re a s e  in  the  a lpha  g lo b u l in  f r a c t io n .  
S tauber (1954) r e p o r te d  t h a t  hyperg lobulinem ia and albumineraia a re  
c h a r a c t e r i s t i c  o f  many c o n d i t io n s ,  in c lu d in g  p a r a s i t i c  i n f e c t io n s .  He 
a l s o  po in ted  out t h a t  most o f  th e  p rev ious  r e p o r t s  d id  not ta k e  in to  con­
s i d e r a t i o n  th e  e f f e c t  o f  th e  p a th o lo g ic a l  p rocess  on th e  t o t a l  c i r c u l a t i n g  
plasma or serum p r o t e i n .  Leland (1961) s t a t e d  t h a t  changes in  the  serum 
p r o t e i n  f r a c t i o n s  may be th e  r e s u l t  of changes in  th e  r a t e  o f  sy n th e s is  
o r  lo s s  o f  c e r t a i n  f r a c t i o n s  by in t e r n a l  d e s t r u c t io n  or e x te rn a l  leakage. 
Furtherm ore , he sugges ted  t h a t  th e  changes in  serum p r o te in  o f  a h o s ts  
in f e c te d  w ith  p a r a s i t i c  he lm in th s  a re  a s s o c ia te d  w ith  inflam m ation o f  
t i s s u e  damage, hence th e  changes cannot be cons idered  as s p e c i f i c  fo r  th e  
p a r a s i t e .  From th e  use of i s o to p ic  techn iques  and o th e r  ev idence , i t  has 
been  concluded th a t  th e  l i v e r  i s  th e  c h ie f ,  i f  no t the  s o le  s i t e  of forma­
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t i o n  o f  albumin, f ib r in o g e n ,  and th e  be ta  g lo b u l in s  (Frankel and Reitman, 
1963). Leland (1961) s t a t e d  t h a t  s e v e ra l  a t te m p ts  have been made to  
e x p la in  th e  changes in  serum p r o te in  f r a c t io n s  o f  anim als in f e c te d  w ith  
he lm in th  p a r a s i t e s  as  be ing  r e l a t e d  to  immunity, e s p e c i a l l y  when the  
gamma g lo b u l in  was invo lved .  F ranke l and Reitman (1963) s t a t e d  th a t  
a n t ib o d ie s  a r e  formed p r im a r i ly  i n  th e  c e l l s  o f  th e  r e t i c u l o e n d o t h e l i a l  
system and th a t  t h e i r  chem ical and p h y s ic a l  p r o p e r t i e s  a r e  th o se  o f  n o r ­
mal serum g lo b u l in s  ( e s p e c i a l l y  gamma g lo b u l in ) .  Kabat and Mayer (1964) 
r e p o r te d  t h a t  bo th  b e ta -2  and gamma g lo b u l in s  a r e  known to  c o n ta in  a n t i ­
bod ie s .
CHAPTER I I I  
MATERIALS AND METHODS
Source of A dult Toxocara and A sca r is  
Adult Toxocara can is  were o b ta in ed  from n a t u r a l l y  In fe c te d  dogs 
and from puppies ex p e r im e n ta l ly  in f e c t e d  a t  th re e  weeks o f  age w i th  120 
to  140 i n f e c t i v e  Toxocara c a n is  eggs. The worms were recove red  from the  
ex p e r im e n ta l ly  in f e c te d  puppies 6 to  8 weeks a f t e r  in f e c t i o n .  Mature 
A sc a r is  suum were ob ta ined  from a l o c a l  s la u g h te r  house. A f te r  w ashing 
th e  worms tho rough ly  w ith  running  tap  w a te r ,  male and female a d u l t s  were 
se p a ra te d  and e i t h e r  used f r e s h  or s to r e d  a t  -20°C fo r  subsequent a n t ig e n  
p r e p a r a t io n s .
Embryonation of Toxocara and A sca r is  Eggs 
Eggs were c o l le c te d  from the  d i s t a l  o n e - th i rd  o f  th e  u t e r i  o f  
f r e s h  mature female worms. One volume o f  eggs was t r e a t e d  w ith  f iv e  
volumes o f  two per  cent sodium hyd rox ide  f o r  one hour to  remove th e  
u t e r i n e  t i s s u e s  and mucous. A f te r  s e v e r a l  washings w ith  d i s t i l l e d  w a te r ,  
th e  eggs were suspended in  O.IN s u l f u r i c  a c id  c o n ta in in g  an aqueous s o lu ­
t i o n  o f  m e r th io l a te  (1 :10 ,000 c o n c e n t r a t io n ) .  The method o f  F a i r b a i r n
(1961), w i th  minor m o d i f ic a t io n s ,  was used fo r  embryonation. Approxi­
m ately  0 .5  ml of packed eggs were suspended in  30 ml o f  th e  O.IN s u l f u r ­
ic  a c i d - m e r t h io la t e  (1 :10,000 c o n c e n t r a t io n )  s o lu t i o n  in  a 125 ml E rlen-
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meyer f l a s k .  The eggs were incubated  a t  room tem pera tu re  fo r  one month 
w ith  p e r io d ic  g e n t le  shaking  by hand. A f te r  em bryonation, the  eggs were 
s to r e d  in  th e  same s o lu t i o n  a t  4°C u n t i l  used as  d e sc r ib e d  below.
Hatching o f  Toxocara and A sc a r is  Eggs 
The method of F a i r b a i r n  (1961), w i th  s l i g h t  m o d i f ic a t io n s ,  was 
used to  h a tch  the  i n f e c t i v e  eggs. The in f e c t i v e  eggs were washed th r e e  
t im es w ith  d i s t i l l e d  w a te r .  Approximately 5 to  6 ml o f  eggs were 
d e s h e l le d  by p la c in g  them in  f r e s h  5.25 per  cen t sodium h y p o c h lo r i te  
(2 ml o f  sodium h y p o c h lo r i t e /1  ml o f  eg g s ) ,  followed by a g i t a t i o n  in  a 
w a te r  ba th  shaker kep t a t  a tem pera tu re  o f  35°C. Complete removal o f  the 
egg s h e l l  was determ ined by m icroscop ic  exam ination . D eshe ll ing  re q u ire d  
45 to  90 minutes fo r  Toxocara eggs and 2 .5  to  3 hours fo r  A scaris  eggs. 
A f te r  10 washings w i th  d i s t i l l e d  w ate r  to  remove th e  sodium h y p o c h lo r i te ,  
t h e  d e s h e l le d  eggs were t r a n s f e r r e d  to  a s i l i c o n iz e d  125 ml Erlenmeyer 
f l a s k  c o n ta in in g  15 ml o f  a 0 .25  M sodium c h lo r id e - 0 .1  M sodium b i s u l f i t e  
s o lu t i o n  and incubated  a t  39°C fo r  2 to  3 m inu tes .  An equal volume o f 
p reg assed  (95% n i t ro g e n  and 5% carbon d io x id e )  0 .1  M sodium b ic a rb o n a te  
was th e n  added. The sodium b ic a rb o n a te  was gassed by bubbling  i t  u n t i l  
a pH o f  8 was o b ta in e d .  The f l a s k  c o n ta in in g  th e  h a tch in g  medium and the  
d e s h e l le d  eggs was then  s to p p e red ,  kep t a t  39°C in  th e  w ater  b a th ,  and 
gassed  (95% n i t r o g e n ,  5% carbon d io x id e )  fo r  15 m inutes . Next, th e  f l a s k  
was p laced  in  a w ater  b a th  shaker a t  39°C and a g i t a t e d  u n t i l  h a tc h in g  was 
com plete . The eggs o f  T^ ca n is  ha tched  in  about 90 minutes or l e s s ,  w hile  
A sc a r is  suum eggs r e q u ire d  th re e  to  four hours .
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P re p a ra t io n  of Antigens 
Adult Toxocara Antigen 
— Adult Toxocara a n t ig e n  was p repared  a s  fo llow s : 20 f re s h  or
f ro zen  mature Toxocara males o r  females were suspended in  30 ml o f  cold 
(1°C), phosphate b u ffe red  s a l i n e  (PBS/0.15 M pH 7 .2 -7 .3 )  and d is ru p te d  
fo r  2 minutes in  a c h i l l e d  Waring B lender. The m ix ture  was d i s i n t e g r a ­
te d  f u r th e r  by sonic v i b r a t i o n  using  a 10 k i l o c y c le  Raytheon Sonic O sc i l ­
l a t o r  (Model DP-101) fo r  about 60 m inutes. The power was s e t  a t  an o u t­
p u t  o f  1 .25 amp and ic e  w a te r  (1°C) was c i r c u l a t e d  through th e  o s c i l l a t o r  
j a c k e t  d u r in g  th e  s o n ic a t io n  p rocess  to  minimize th e  hea t e f f e c t .  Com­
p l e t e  d i s r u p t io n  was determ ined by m icroscop ic  exam ination o f  th e  suspen­
s io n .  The suspension  was kep t  ove rn ig h t  a t  5°C and then  c e n t r i fu g e d  a t  
1 ,000 X G fo r  f iv e  minutes t o  remove th e  l a r g e r  p a r t i c l e s .  The su p er­
n a t a n t  f l u i d  was c e n t r i fu g e d  a t  10,000 X G fo r  30 minutes a t  5° and the 
s u p e rn a ta n t  f l u i d  was c o l l e c t e d .  A f te r  d i a l y s i s  a g a in s t  4 one l i t e r  
changes o f  d i s t i l l e d  w ate r  over a p e r io d  o f  36 hours a t  5°C, the  d ia ly -  
s a t e  was then ly o p h i l iz e d  and kept a t  4°C u n t i l  used.
I n f e c t iv e  Egg A ntigen 
F u l ly  i n f e c t i v e  Toxocara eggs were washed s e v e ra l  times in  
d i s t i l l e d  w ater  a t  low speed c e n t r i f u g a t io n  in  a c a l ib r a t e d  c e n t r i f u g e  
tu b e  and th e  volume o f  eggs was measured. One ml of packed in f e c t iv e  
T. c a n is  eggs were suspended in  20 ml o f  phosphate  b u f fe re d  s a l i n e  (PBS/ 
0 .15  M, pH 7 .2 -7 .3 )  and d i s in t e g r a t e d  by so n ic  v ib r a t i o n  fo r  45 to  60 
m inutes using  a 10 k i l o c y c le  Raytheon Sonic O s c i l l a to r  s e t  a t  1 .25 amp. 
The rem aining s te p s  were i d e n t i c a l  w ith  th o se  used i n  th e  p r e p a ra t io n  o f  
th e  a d u l t  a n t ig en .
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H atching  F lu id  Antigen 
A f te r  th e  i n f e c t i v e  eggs of Toxocara were hatched as  d e sc r ib e d  
above, th e  c o n te n ts  (ha tch ing  f l u i d )  o f  th e  f l a s k  were t r a n s f e r r e d  to  a 
50 ml c o n ic a l  c e n t r i f u g e  tu b e  and c e n t r i fu g e d  a t  1,000 X G fo r  10 m inutes. 
The sediment c o n ta in in g  th e  hatched  la rv a e  was saved to  p rep a re  Toxocara 
l a r v a l  a n t ig e n  as  d e sc r ib e d  below. The su p e rn a ta n t  f lu id  c o n ta in in g  the  
h a tch in g  f l u i d  was c o l l e c t e d  and c e n t r i f u g e d  a t  10,000 X G fo r  30 minutes 
a t  5°C. The s u p e rn a ta n t  f l u i d  was removed, d ia ly z e d ,  ly o p h i l i z e d ,  and 
s to re d  as d e sc r ib e d  above (Adult Antigen P re p a ra t io n ) .
Toxocara Larval A ntigen 
A f te r  removal of th e  h a tch in g  f l u i d ,  the  sediment c o n ta in in g  
the ha tched  la rv a e  was washed f iv e  tim es w i th  d i s t i l l e d  w a te r .  One ml 
of washed, packed Toxocara la rv a e  was suspended in  20 ml o f  PBS and d i s i n ­
te g ra te d  by son ic  v i b r a t i o n  fo r  one hour u s in g  a Raytheon Sonic O s c i l l a ­
to r  which was s e t  a t  an o u tp u t of 1.25 amp. The rem aining s te p s  were 
i d e n t i c a l  w ith  th o se  used fo r  p r e p a ra t io n  of a d u l t  a n t ig e n .
V arious A scar is  A ntigens 
S im ila r  methods were used to  p re p a re  in f e c t iv e  eggs, h a tch in g  
f l u i d ,  l a r v a l ,  and a d u l t  A sc a r is  a n t ig e n s .  The p r o te in  con ten t of a l l  
Toxocara and A scar is  a n t ig e n  p re p a ra t io n s  was es t im a ted  by th e  Lowry 
e t  a l .  method (1951) u s in g  bovine serum albumin as a s ta n d a rd .
I n f e c t io n  of Baboons 
Before i n f e c t io n  w ith  Toxocara, and a t  i n t e r v a l s  d u ring  the  
s tu d y ,  a l l  baboons were checked fo r  th e  p resence  o f  he lm in th  eggs in  
fece s  by ZnSO^ c o n c e n t ra t io n  method. No he lm in th  eggs were found except
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fo r  sm all  numbers o f  T r i c h u r l s  eggs in  some o f  them.
The f u l l y  developed Toxocara eggs were washed s e v e ra l  tim es and 
suspended in  d i s t i l l e d  w a te r .  Egg e s t im a t io n s  were made by ta k in g  the  
average  o f  f iv e  counts  o f  0 .05  ml a l i q u o t s  o f  th e  egg su sp en s io n .  The 
su spens ion  was a d ju s te d  to  th e  r e q u i re d  number of eggs per  ml on the  
b a s i s  o f  th e s e  e s t im a te s .
Ten baboons, two to  s ix  y e a r s  o ld ,  were used in  t h i s  s tudy .  They 
were k e p t . in  two connected ch a in  l i n k  c a g e s ,  an in s id e  cage 8 x 15 x 5 
f e e t  h ig h  and an o u ts id e  cage 8 x 15 x 9 f e e t  h ig h .  They were housed 
a t  th e  P rim a te  Behavior L abora tory  in  Norman, Oklahoma and fed commercial 
monkey chow (P u r in a ) .  The an im als  were d iv id e d  in t o  f i v e  g roups, two 
an im als  pe r  group, and were in f e c te d  o r a l l y  by stomach tube a f t e r  s e d a t io n  
w i th  S erny lan , 1 - (1 -P h en y lcy c lo h ex y lp ip e rd in e )  Hcl (Parke, D avis)  g iven  
in t r a m u s c u la r ly  (1 .1 mg/kg B W), Groups I ,  I I ,  I I I ,  and V were males 
approx im ate ly  5 to  6 y e a rs  o ld .  Group IV c o n s is te d  of two y e a r  o ld  fem­
a l e s .  Each animal in  Group I  was g iven  a s i n g l e  dose o f  one Toxocara 
i n f e c t i v e  egg/gm body w e igh t .  Animals i n  Groups I I ,  I I I ,  and IV r e c e ­
ived 5, 10, o r  20 eggs/gm body w e ig h t ,  r e s p e c t i v e l y .  The two anim als  in  
Group V were k ep t  under the  same c o n d i t io n s  and served  as  normal c o n t ro l s .  
Mice and gu inea  p igs  were in f e c te d  and l a t e r  s a c r i f i c e d  and d ig e s te d  to  
check th e  v i a b i l i t y  o f  a l l  egg p r e p a r a t io n s  used fo r  baboon in f e c t i o n s .  
Twelve weeks a f t e r  th e  f i r s t  i n f e c t i o n ,  one baboon from each group (Group 
I  th rough  IV) was r e i n f e c t e d  w ith  th e  same s i z e  dose g iven  i n i t i a l l y .




DOSE LEVELS OF INFECTIVE TOXOCARA CANIS 





Number o f  Larvae Given 
Body Weight
F i r s t  I n f e c t io n  Second
Per Gram 
In f e c t io n
I
A 40.00 1 0
B 24.50 1 1
I I
A 22.00 5 0
B 23.40 5 5
I I I
A 20.00 10 0
B 17.17 10 10
IV
A 5.35 20 0
B 5.35 20 20
V (Control)
A 25.53 0 0
B 26.67 0 0
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Bleeding and C o l le c t io n  o f  Sera 
While they  were under mild a n e s th e s ia  w ith  Sernylan (Parke,
D av is) ,  the  baboons were b led  from th e  femoral a r t e r y  a t  weekly i n t e r v a l s  
du ring  th e  f i r s t  s i x  weeks a f t e r  i n f e c t io n  and then  every o th e r  week for 
an extended p er iod  o f  tim e. T ota l w h ite  blood c e l l  co u n ts ,  w h ite  blood 
c e l l  d i f f e r e n t i a l s ,  a b s o lu te  e o s in o p h i l  count,  serum p r o te in  a n a ly se s ,  
and s e r o lo g i c a l  t e s t s  were done on each specimen.
The two baboons in  th e  c o n t ro l  group were housed under th e  same 
c o n d i t io n s  and were b led a t  r e g u la r  i n t e r v a l s .
Blood C ell  Counts 
D i f f e r e n t i a l ,  a b s o lu te  e o s in o p h i l ,  and t o t a l  w h ite  c e l l  counts 
were made on each animal us ing  samples o f  fem oral a r t e r y  blood taken  
between 8:00 and 10:00 A.M. Blood smears were made on p re -c lean ed  m icro­
scope s l i d e s ,  allowed to  a i r  d ry ,  covered w ith  W rig h t 's  s t a i n ,  and a l l o ­
wed to  s tand  fo r  one m inute. An equa l volume o f  phosphate b u f f e r ,  pH 
6 .4 ,  was then  added and mixed by blowing. The m ixture  was then  allowed 
to  remain on th e  s l i d e  fo r  6 m inutes. The smears were then  r in s e d  w ith  
d i s t i l l e d  w a te r ,  a i r  d r i e d ,  and d i f f e r e n t i a l  counts  were made m icro­
s c o p ic a l ly  under o i l  immersion. At l e a s t  200 w h ite  blood c e l l s  were 
counted per  s l i d e  and th e  p e rc e n ta g e s ;o f  each c e l l  type was c a lc u la te d .
For t o t a l  w h ite  c e l l  and a b s o lu te  e o s in o p h i l  coun ts ,  the  Randolph 
(1944) method was used. Blood was drawn in to  a w h ite  c e l l  p i p e t t e  and 
d i l u t e d  1:20 w ith  th e  d i l u t i n g  f l u i d .  The d i l u t i n g  f lu id  was made p r io r  
to  use  by mixing an equal volume o f  s o lu t io n  No. 1 (0 .1 per cen t methylene 
b lu e ,  50 ml p ropylene g ly c o l ,  p lu s  50 ml d i s t i l l e d  w a te r)  and s o lu t io n  
No. 2 (0.1 per  cen t  ph lo x in e ,  50 ml propylene g ly c o l  p lu s  50 ml d i s t i l l e d
28
w a te r ) .  The p i p e t t e  was a g i t a t e d  fo r  30 seconds on a Yankee p ip e t t e  
shaker and th en  p laced  h o r i z o n t a l l y  on th e  t a b l e .  A f te r  15 minutes the  
p i p e t t e  was a g i t a t e d  aga in  fo r  30 seconds. The f i r s t  four drops were 
e x p e l le d  from th e  p i p e t t e  and bo th  s id e s  o f  a Levy Hemocytometer Chamber 
coun tin g  s l i d e  were f i l l e d  from th e  rem aining m ix tu re .  The f i l l e d  
s l i d e s  were covered w ith  in v e r te d  P e t r i  d is h e s  m oistened w ith  f i l t e r  
paper  to  p re v e n t  ev ap o ra t io n .  Counts o f  bo th  e o s in o p h i ls  and t o t a l  
w h i te  c e l l s  were begun 15 m inutes a f t e r  f i l l i n g  the  chambers. An average 
o f  two re a d in g s  was c a lc u la te d  fo r  each blood sample.
Serum P ro te in  E le c t ro p h o re s i s  
The microzone c e l l u l o s e - a c e t a t e  e l e c t r o p h o r e s i s  system was used 
fo r  s e p a r a t in g  th e  serum p r o t e i n s .  The microzone e l e c t r o p h o r e s i s  c e l l  
(Model R-101) th e  scanning  a t tachm ent (Model R-102), and th e  A n a ly tro l  
w i th  B-5 cam (Beckman) were employed. The d e t a i l s  o f  th e  e l e c t r o p h o r e s i s  
te ch n iq u e  were v e ry  s im i la r  to  th o se  d e sc r ib e d  by Grunbaum n t a l .  (1963), 
w i th  minor m o d i f ic a t io n s  as  sugges ted  in  th e  Beckman I n s t r u c t i o n  Manual.
A drop o f  serum was p laced  on a nonw etable s u r f a c e  (P a ra f i lm )  and touched 
w i th  th e  p la t in u m  loop o f  a sample a p p l i c a t o r  which p ic k s  up about 0 .25 
fi\. o f  serum. The sample was t r a n s f e r r e d  to  th e  membrane. In the  p re s e n t  
s tu d y ,  th e  sample s i z e  was in c re a se d  from 0 .25  /j1 to  0 .5  yul of serum to  
fu rn i s h  enough p r o te i n  f o r  adequa te  s e p a r a t io n .  The membrane was then  
s u b je c te d  to  e l e c t r o p h o r e s i s  fo r  20 m inutes a t  250 v o l t s  and s ta in e d  in  
Ponceau-S s o lu t i o n  fo r  10 m inu tes .  Excess s t a i n  was removed by washing 
th r e e  tim es w ith  5% a c e t i c  a c i d ,  followed by d e h y d ra t io n  fo r  2 minutes 
in  a b s o lu te  e th a n o l .  S ubsequen tly ,  th e  membrane was p laced  in  a c l e a r in g  
s o lu t i o n  (25 ml of g l a c i a l  a c e t i c  a c id ,  5 ml o f  d i s t i l l e d  w a te r ,  p lus
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70 ml a b s o lu te  e th a n o l )  and a g i t a t e d  g e n t ly  fo r  one m inute . Excess s o lu ­
t i o n  was removed b' g e n t ly  ap p ly in g  a  squeegee to  th e  s u r fa c e  o f  th e  
membrane. The membrane was fa s ten e d  to  a g la s s  p l a t e  and dryed in  an 
oven a t  90-100°C fo r  15 m inutes .  A f te r  mounting th e  membrane in  a p l a s ­
t i c  envelope i t  was scanned in  the  A n a ly t ro l .
The p lo t  o b ta ined  a f t e r  scann ing  was d iv ided  o f f  in to  the  
v a r io u s  serum components and th e  i n t e g r a t i o n  counts f o r  each component 
were c a l c u la te d .  The r e l a t i v e  p e rce n tag e  c o n c e n t ra t io n  o f  each p r o t e i n  
component was o b ta in e d  by d iv id in g  in d iv id u a l  i n t e g r a t i o n  counts  by th e  
sum o f  th e  coun ts .  This v a lu e  was then  m u l t ip l ie d  by the  t o t a l  p r o t e i n ,  
gm/ml, fo r  each serum sample to  c a l c u l a t e  th e  c o n c e n tra t io n  o f  each 
p r o t e i n  component in  gm/100 ml o f  serum. The d e te rm in a t io n s  were 
c a r r i e d  o u t  in  d u p l i c a t e  on each serum specimen and th e  r e s u l t  o f  th e  
two t e s t s  were averaged .  T o ta l  serum p r o t e i n  was measured by th e  method 
o f  Campbell e t  a l .  (1964), w ith  minor m o d i f ic a t io n .  The s iz e  o f  th e  
serum sample was 0 .1  ml. The b i u r e t  r e a g e n t  was p repared  acco rd in g  to  
t h e  method o f  Campbell e^  a l .  (1964) and human serum albumin was used as 
a s ta n d a rd .
L arva l Recovery and H i s to lo g i c a l  S tud ies  
Approximately 4 gm of f r e s h  l i v e r ,  lung , k idney ,  b r a in ,  and 
h e a r t  from d i f f e r e n t  s i t e s  o f  each organ  from each o f  four an im als  were
d ig e s te d  s e p a r a te ly  in  p ep s in .  The t o t a l  number o f  l a rv a e  in  each organ
from each animal was e s t im a ted  by m u l t ip ly in g  th e  number of l a rv a e  recov-
ered/gm  by th e  t o t a l  w eight o f  the  organ.
For h i s t o l o g i c a l  s tu d i e s ,  s e l e c te d  t i s s u e s  were f ix ed  in  10% 
fo rm a l in ,  embedded in  p a r a f f i n ,  and se c t io n e d  a t  6 m icrons. They were
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s ta in e d  w ith  hem atoxylin  and e o s in ,  Gomori's t r i c h ro m e ,  and Kinyoun's 
a c id  f a s t  s t a i n s .  Blocks were r e c u t  and s e r i a l  s e c t i o n s  were made as 
needed to  dem onstra te  t h e  th r e e  d im ensiona l s t r u c t u r e  o f  th e  l e s io n s .
P a s s iv e  H em agglu tina tion  T es t
Jung and P a ch ec o 's  (1960) h em a g g lu t in a t io n  method was used ,  w ith  
c e r t a i n  m o d i f ic a t io n s .  The optimum c o n c e n t r a t io n  o f  each Toxocara a n t i ­
gen used to  s e n s i t i z e  th e  red  c e l l s  was determ ined  by t i t r a t i n g  v a ry ing  
c o n c e n t ra t io n s  o f  each a n t ig e n  a g a i n s t  v a ry in g  d i l u t i o n s  o f  Toxocara 
hyperimmune r a b b i t  serum. The hyperimmune serum was c o l le c t e d  one week 
a f t e r  the  l a s t  i n f e c t i o n ,  from a  r a b b i t  i n f e c te d  w i th  5,000, 5,000,
6,500 , 8 ,000 , and 10,000 i n f e c t i v e  T^ can is  eggs a t  0 ,  12, 15, 19, and 
22 weeks r e s p e c t iv e l y .  The a n t ig e n  c o n c e n t r a t io n  g iv in g  the  h ig h e s t  
t i t è r  w ithou t n o n - s p e c i f i c  r e a c t io n  was s e le c te d  fo r  use  w i th  experimen­
t a l  baboon s e r a .  A sc a r is  a n t ig e n s  were a l s o  s ta n d a rd iz e d  a g a in s t  h yper­
immune serum o f a r a b b i t  in f e c te d  w i th  A sc a r is  i n f e c t i v e  eggs in  a s im i­
l a r  manner. The hyperimmune serum was c o l l e c t e d ,  two weeks a f t e r  th e  
l a s t  i n f e c t i o n ,  from a r a b b i t  i n f e c te d  o r a l l y  by stomach tube w ith  15,000, 
25 ,000, and 100,000 i n f e c t i v e  A sc a r is  eggs a t  0 , 5, and 8 weeks, 
r e s p e c t iv e l y .
A ll  exp er im en ta l  s e ra  were i n a c t iv a t e d  by h e a t in g  them in  a 
w ate r  b a th  a t  56°C fo r  30 m inutes .  Each serum sample was mixed w ith  one 
volume of washed, packed sheep red  c e l l s  (Colorado Serum Co.) per  5
volumes o f  serum. The m ix ture  was incubated  a t  37°C fo r  one hour and
s to re d  o v e rn ig h t  a t  4°C. The suspension  was c e n t r i f u g e d  a t  1,720 X G
f o r  15 minutes and th e  s u p e rn a ta n t  serum was c o l l e c t e d  and s to re d  in
convenient volumes.
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I n i t i a l l y ,  th e  s tan d a rd  tube techn ique  was u sed ,  b u t  l a t e r  the  
micro techn ique  was adopted e x c lu s iv e ly  when com parative s tu d ie s  i n d i ­
ca ted  t h a t  th e re  was no s i g n i f i c a n t  d i f f e r e n c e  between th e  t i t e r s  o b ta ined  
w ith  the  two tech n iq u es .  Thus, th e  m icrohem agg lu tina tion  tech n iq u e  was 
used in  t h i s  study because o f  th e  speed w ith  which t h e  m ic ro d i lu t io n s  can 
be made and the  economy o f  a n t i s e r a  and a n t ig e n .  The m i c r o t i t e r  a p p a ra ­
tus o f  Cooke Engineering Co. was used.
Tanning o f  Sheep Red C e lls
Various methods and compounds a r e  a v a i l a b l e  fo r  coup ling  a n t ig e n s  
to  red  c e l l s  fo r  p a s s iv e  h e m ag g lu tin a tio n  t e s t s .  Although ta n n ic  acid  
was th e  prim ary compound used fo r  coup ling  o f  th e  a n t ig e n  on th e  sheep 
red c e l l s  throughout t h i s  s tu d y ,  two o th e r  chemical compounds, b i s -  
d ia z o t iz e d  ben z id in e  (BOB), Gordon e t  a l .  (1958) and l - E th y l - 3 -  (3-dim eth- 
y lam inopropyl) carbod iim ide  h y d ro c h lo r id e  (BCDI), (Ott Chemical Co.) , 
were a l s o  t r i e d .
Sheep red c e l l s  p rese rv ed  in  A lsevers  s o lu t i o n  (Colorado Serum 
Co.) were s to re d  a t  4°C u n t i l  used (w ith in  th r e e  weeks of b le e d in g  d a t e ) .  
One ml o f  s to ck  sheep red c e l l s  y ie ld e d  approx im ate ly  0 .2  ml o f  packed 
red  c e l l s .  The red c e l l s  were washed (1,400 X G fo r  5 m inu tes)  th re e  
t im es  w ith  phosphate b u f fe re d  s a l i n e  (PBS/0.15 M, pH 7 .2 -7 .3 )  u s in g  one 
ml o f  c e l l  suspension  per  5 ml o f  PBS. A fte r  th e  f i n a l  washing and cen­
t r i f u g a t i o n ,  the  packed c e l l  volume was determ ined and a two per  cent 
c e l l  suspension  was prepared  in  PBS. Commercial t a n n ic  ac id  (M allinckro- 
d t  - Lot, 1764) was p repared  as a one pe r  cen t s to c k  s o lu t io n  in  s a l i n e  
and k ep t  a t  4°C. J u s t  p r io r  to  use th e  s to ck  s o lu t io n  was d i lu te d  1 :20 ,000  
in  s a l i n e .  One volume o f  th e  two per cen t washed sheep red c e l l  suspen-
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s io n  was mixed w ith  an equal volume o f  1 :20 ,000  ta n n ic  a c id  and mixed 
th o ro u g h ly  by g e n t ly  s t i r r i n g  w ith  a P a s te u r  p i p e t t e ,  fo llowed by in cu ­
b a t io n  a t  37°C fo r  15 m inutes . The tanned c e l l s  were then  washed once 
w ith  PBS a f t e r  c e n t r i f u g a t io n  a t  1,225 X G fo r  5 m inutes.
S e n s i t i z a t i o n  P rocess  o f  Tanned Red C ells
1 ml o f  27o tanned red  c e l l  suspension  
+
Antigen (optimum c o n c e n t r a t io n )  in  one 
ml PBS (0.15 M, pH 7 .2 -7 .3 )
+
3 ml o f  PBS. The c e l l s  were d isp e rse d  
by g e n t ly  s t i r r i n g  w ith  P a s te u r  p i p e t t e .
i
Incubated a t  e i t h e r  37°C or room tem pera tu re  
fo r  30 m inutes depending on th e  kind of a n t ig e n  
(See R e s u l t s )
«I
Washed once, a f t e r  c e n t r i f u g a t io n  a t  1,225 
X G fo r  f iv e  m inu tes ,  w ith  2 ml d i lu e n t  
(1% normal r a b b i t  serum in  PBS)
•I
A djusted to  2% red c e l l  c o n c e n t ra t io n  in  d i l u e n t .
Contro l c e l l s  were t r e a t e d  in  th e  same manner excep t t h a t  normal 
s a l i n e  was s u b s t i t u t e d  fo r  th e  a n t ig e n .
Two-fold s e r i a l  d i l u t i o n s  o f  each serum were made in  d i l u e n t  
(1% normal r a b b i t  serum in  PBS), s t a r t i n g  w ith  a 1:80 d i l u t i o n ,  w ith  a 
f i n a l  volume o f  0 .05  ml per V-shaped p l a t e  w e l l .  One drop (0.025 ml) of 
th e  2 p e r  cen t s e n s i t i z e d  c e l l  su spension  was added to  each w e l l .  The 
p l a t e s  were then  shaken g e n t ly  and covered by P a ra f i lm  to  p reven t evapora­
t i o n .  They were incubated  a t  room tem pera tu re  fo r  th r e e  hours  be fo re  
r e s u l t s  were r e a d ,  o r  u n t i l  th e  c o n t ro l  c e l l s  s e t t l e d  t o  th e  bottom of 
th e  w e l l s .  Uniform, t h i n ,  t r a n s l u c e n t  l a y e r s  o f  c e l l s  covering  :the e n t i r e  
lower s u r fa c e  of th e  w e l ls  were cons idered  p o s i t i v e ,  i . e .  complete hemag­
g l u t i n a t i o n .  On th e  o th e r  hand, a compact c i r c u l a r  b u t to n  o f  c e l l s  in
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th e  bottom  was i n t e r p r e t e d  as  n e g a t iv e ,  i . e .  no h em ag g lu tin a tio n .  Wells 
showing p a r t i a l  h em ag g lu t in a t io n  were cons ide red  as  n e g a t iv e s .  C ontro ls  
were as fo llow s :
A. Known p o s i t i v e ,  c o n s i s t i n g  o f  p o s i t i v e  serum p lu s  
s e n s i t i z e d  c e l l s .
B. Normal serum p lu s  s e n s i t i z e d  c e l l s .
C. Normal serum p lus  c o n t ro l  c e l l s  (tanned bu t  not 
s e n s i t i z e d ) .
D. D ilu en t  p lu s  s e n s i t i z e d  c e l l s .
E. D ilu e n t  p lu s  c o n t ro l  c e l l s .
The t e s t  was cons ide red  v a l id  on ly  when a l l  th e  c o n t r o l s ,  
excep t th e  f i r s t  one, were n e g a t iv e .
CHAPTER IV
RESULTS
Ten baboons were d iv id e d  in to  5 groups, each co n ta in in g  2 anim­
a l s .  The anim als were in f e c te d  w ith  v a ry in g  l e v e l s  o f  Toxocara as  i n d i ­
c a te d  in  Table 1. One animal each in  Groups I ,  I I I ,  and IV rece iv ed  the 
second i n f e c t i v e  dose 12 weeks a f t e r  th e  f i r s t  i n f e c t io n  w hile  one animal 
in  Group I I  was r e in f e c te d  the  s ix te e n th  week a f t e r  th e  f i r s t  i n f e c t io n .  
Blood was c o l le c te d  from each animal a t  weekly i n t e r v a l s  du ring  the 
f i r s t  6 weeks, and then  every o th e r  week o f  the  i n i t i a l  i n f e c t io n  fo r  the  
s tu d y  p e r io d .  T o ta l  w h ite  c e l l  coun ts ,  a b s o lu te  e o s in o p h i l  counts and 
d i f f e r e n t i a l  c e l l  coun ts  were made on each blood sample. Serum was 
saved fo r  subsequent an tibody  and p r o te in  a n a ly se s .
C e l lu la r  Response 
The c e l l u l a r  re sponses  of each animal a re  summarized in  F igures  
1 and 2. The w h ite  c e l l  count and pe rcen tage  o f  e o s in o p h i ls  (ab so lu te  
e o s in o p h i l  count d iv id e d  by t o t a l  w h ite  c e l l  count x 100) reached a 
peak th e  second or t h i r d  week a f t e r  i n f e c t io n .  The w h ite  c e l l  counts 
r e tu rn e d  to  almost normal l e v e l s  w i th in  5 to  6 weeks a f t e r  i n f e c t io n  
(F igure  1 ) .  The e o s in o p h i l  response  showed a s im i la r  drop during  t h i s  
p e r io d  but remained above p r e - i n f e c t i o n  le v e l s  d u ring  th e  e n t i r e  study 
p e r io d  in  most o f  th e  an im als  (F igure 2 ) .  The average maximum w h ite  c e l l
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Figure 1, The t o t a l  w h ite  c e l l  response  in  baboons g iven  i n f e c ­
t i v e  Toxocara can is  eggs. The c o n t ro l  r e p r e s e n t s  th e  average o f  the 
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Figure  2. E osinoph il  p e rc e n t  in  baboons g iven  d i f f e r e n t  le v e ls  
o f  i n f e c t i v e  Toxocara ca n is  eggs. The c o n t ro l  r e p r e s e n t s  th e  average of 
th e  two u n in fe c te d  an im als .
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and e o s in o p h i l  re sponses  o f  th e  2 an im als  in  each group a re  shown in  
Table 2. C e l l  counts  in c reased  as th e  i n f e c t i o n  l e v e l  in c re a s e d .  This 
was e s p e c i a l l y  ev id e n t  in  the  case  of th e  e o s in o p h i l  response .  D i f f e r ­
e n t i a l  counts  re v e a le d  a s l i g h t  lym phocytosis w ith  no apparen t change in  
monocytes or b a s o p h i l s .  In most o f  th e  in f e c te d  anim als  an in c re a s e  in  
e o s in o p h i ls  was accompanied by a d e c re a se  in  n e u t ro p h i l s .  The e o s in o ­
p h i l  v a lu e s  (p e rcen tag e )  o b ta ined  from the  d i f f e r e n t i a l  c e l l  count 
ag reed  c lo s e ly  w ith  thos ob ta ined  by a b s o lu te  e o s in o p h i l  coun ts .
Animals g iven  a second in f e c t i o n  showed ano the r  r i s e  in  t o t a l  
w h i te  c e l l s  and e o s in o p h i l s .  However, the  re sponses  never reached  the  
l e v e l s  seen d u r in g  th e  f i r s t  i n f e c t i o n  (F igure  1 and F igure  2 ) .  Two 
an im als  a p p a re n t ly  d ied  as a d i r e c t  r e s u l t  o f  the  second in f e c t io n .  The 
f i r s t ,  Animal B of Group I I I ,  d ied  twenty days a f t e r  th e  second in f e c t io n  
w ith  a h igh  tem pera tu re  and symptoms of r e s p i r a t o r y  d i s t r e s s .  Severa l 
days p r io r  to  d ea th  the  animal became l e t h a r g i c .  A tem pera tu re  o f  107°F 
was reco rd ed  1 day p r io r  to  d e a th .  The second. Animal B of Group IV, 
d ied  e ig h t  days a f t e r  th e  second in f e c t io n ,  a l s o  e x h ib i t i n g  a h igh  temp­
e r a t u r e  and ra p id  r e s p i r a t i o n .  The g ro ss  pa tho logy ,  m ic ro sco p ica l  f in d ­
ing as  w e l l  as l a r v a l  r e c o v e r ie s  from th e  h e a r t ,  lung , b r a in ,  l i v e r ,  sp leen ,  
th y ro id ,  and o th e r  organs a re  p re sen te d  in  d e t a i l  under the  h i s to p a th o -  
logy and l a r v a l  recovery  s e c t i o n s .  I t  i s  i n t e r e s t i n g  t o  no te  t h a t  the 
second anim al showed an ex trem ely  low e o s in o p h i l  response  one day b efo re  
dea th .
Antibody Response 
P re l im in a ry  s tu d ie s  us ing  Jung and Pacheco 's  (1960) hem agg lu ti­
n a t io n  p rocedure  gave n e g a t iv e  r e s u l t s  when a d u l t  or l a r v a l  Toxocara
TABLE 2
THE MAXIMUM WHITE CELL AND EOSINOPHIL RESPONSES IN BABOONS INFECTED WITH VARIOUS 
LEVELS OF INFECTIVE TOXOCARA CANIS EGGS
Average Average
Number o f  I n f e c t i v e  
Eggs/gm Body Weight 
(Animal Group)
Total White Blood Cells/CMM® P e rc e n t  E o s in o p h i l  
(From th e  A bso lu te  Count)^
P r e i n f e c t i o n  Maximum 
Count Count 
A f te r  
I n f e c t i o n
In c re a s e P r e i n f e c t i o n
P e rcen tag e
Maximum
P erc e n ta g e
A f te r
I n f e c t io n
1 (Group I ) 6 ,214 10,625 4 ,411 1 .4 13 ,0
5 (Group I I ) 10,066 19,350 9,284 1 .0 2 0 .6
10 (Group I I I ) 6 ,018 15,800 9,782 1 .6 26 .0
20 (Group IV) 11,958 23,825 11,867 1 .0 4 3 .0
0 (Group V, C o n tro l ) 7,512 7,650 136 1.7 2 .0
w
00
Each v a lu e  i s  th e  a v e ra g e  o f  two an im als .
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a n t ig e n s  were t e s t e d  w ith  a n t i s e r a  from r a b b i t s  h e a v i ly  in f e c te d  w ith  
Toxocara. However, p o s i t i v e  r e s u l t s  were o b ta in ed  w ith  th e  a d u l t  Toxo­
ca ra  a n t ig e n  when c e r t a i n  m o d if ic a t io n s  were in t ro d u ced  (See M a te r ia ls  
and Methods). The m odified  method con tinued  to  g ive  n e g a t iv e  r e s u l t s  
w ith  a n t ig e n s  of l a rv a e ,  h a tc h in g  f l u i d ,  and i n f e c t i v e  eggs of Toxocara. 
The above n e g a t iv e  r e s u l t s  were o b ta in ed  w ith  both  th e  s tan d ard  tube 
t e s t  and w ith  the  m icrohem agg lu tina tion  techn ique  (which was used exc lu ­
s iv e ly  fo r  the  a n a ly se s  o f  baboon a n t i s e r a  d esc r ib e d  below ).
Many f a c t o r s  were cons ide red  which may have caused th e se  nega­
t i v e  r e s u l t s .  The pH of the  b u f f e r  and the  le n g th  o f  exposure of tanned 
c e l l s  to  a n t ig e n  were no t c r i t i c i a l  when red  c e l l  s e n s i t i z a t i o n  was done 
a t  room tem p era tu re .  However, p o s i t i v e  r e s u l t s  were o b ta ined  w ith  a n t i ­
gens o f  th e  immature s ta g e s  when th e  tanned red  c e l l s  were exposed to  
th e  a n t ig e n  a t  37°C. Table 3 shows the  r e s u l t s  o f  m icrohem agg lu tina tion  
t e s t s  u s in g  v a r io u s  Toxocara and A sc a r is  e x t r a c t s  when th e  sheep red 
c e l l s  were coated for a t  e i t h e r  37°C or room te m p era tu re .  The 37°C 
t re a tm e n t  during  red  blood c e l l  s e n s i t i z a t i o n  g r e a t l y  in c re a sed  the  
s e n s i t i v i t y  o f  th e  h em ag g lu tin a tio n  t e s t  in  the  homologous system w ith  
th e  a n t ig e n s  o f  Toxocara la rv a e ,  h a tc h in g  f l u i d ,  or i n f e c t i v e  eggs but 
n o t w i th  a n t ig e n s  o f  th e  ad u lt  s ta g e .  No s i g n i f i c a n t  improvement was 
noted  when a n t ig e n s  o f  v a r io u s  A sc a r is  s ta g e s  were s i m i l a r l y  t r e a te d  and 
r e a c te d  a g a in s t  th e  homologous a n t i s e r a .
Experiments were done to  see  i f  th e  in c re a sed  s e n s i t i v i t y  caused 
by 37°C t re a tm e n t  was due to  changes in  a n t ig e n ,  changes in  th e  tanned 
red  c e l l s ,  or bo th .  When the  tanned c e l l s  a lone  o r  th e  a n t ig e n  a lone 
were hea ted  fo r  30 m inutes a t  37°C, then  cooled to  room tem pera tu re  and
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TABLE 3
THE EFFECT OF TEMPERATURE OF ANTIGEN-RED CELL SENSITIZATION 
ON THE SENSITIVITY OF THE HEMAGGLUTINATION TESTS 
USING ANTISERA FROM RABBITS INFECTED WITH 
TOXOCARA CANIS OR ASCARIS SUUM
Antigen R ec ip ro ca l  of H em agglu tina tion  Titer®
Toxocara^ Room Temperature 37° C
Larva 0-160 20,480
I n f e c t iv e  Egg 0 2,560
H atching F lu id 0 320-640
Adult 320-640 640
c
A sc a r is
Larva 2 ,560 -5 ,120 5 ,120-10 ,240
I n f e c t iv e  Egg 2,560 5,120
Hatching F lu id 320 640-1,280
Adult 320-640 320-640
Each v a lu e  i s  th e  r e s u l t  o f  3 r e p l i c a t e  experim ents  
(range i s  g iven  when r e s u l t s  v a r ie d )
^Tested a g a in s t  a n t i s e r a  from r a b b i t  in f e c te d  w ith  T. 
c a n is .
^Tested a g a in s t  a n t i s e r a  from r a b b i t  in f e c te d  w ith  ^  
suum.
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re a c te d  w ith  th e  o th e r  component ( e i t h e r  p re v io u s ly  hea ted  or non-hea ted  
in  a s im i la r  manner a t  room tem p era tu re ,  very  l i t t l e  in c re a se  in  s e n s i ­
t i v i t y  occurred . S e n s i t i v i t y  in c re ased  only  when both components were 
re a c te d  to g e th e r  a t  37°C. A s im i la r  in c re a s e  in  s e n s i t i v i t y  was o b s e r ­
ved when b o th  components were incubated  a t  37°C fo r  15 minutes or a t  56°C 
fo r  e i t h e r  10 or 30 m inutes .
The in c re a sed  s e n s i t i v i t y  seen when red  blood c e l l  s e n s i t i z a ­
t i o n  was done a t  37°C a l s o  occurred  w ith  t e s t s  u s ing  a n t i - Toxocara se ra  
from in f e c te d  baboons. Heat t r e a t e d  a n t ig e n s  o f  Toxocara l a rv a e  or in f e c ­
t i v e  eggs showed g r e a t e r  s e n s i t i v i t y  than  t h e i r  unheated c o u n te rp a r ts  
(F igure  3 ) .  In the  s tu d ie s  re p o r te d  below th e  a n t ig e n s  of a l l  s ta g e s  
were hea ted  du ring  th e  s e n s i t i z a t i o n  p rocess .
Using a n t i - Toxocara and a n t i - A sca r is  i n f e c t i o n  a n t i s e r a  p r e ­
pared in  r a b b i t s ,  th e  a n t ig e n s  o f  Toxocara and A sca r is  la rv a e ,  i n f e c t iv e  
egg, h a tc h in g  f l u i d ,  and a d u l t  s ta g e s  were t e s t e d  in  homologous and h e t e r ­
ologous systems (Table 4 ) .  C ro s s - re a c t io n s  occurred  w ith  a l l  a n t ig e n  
s ta g e s .  G rea te s t  s e n s i t i v i t y  occurred  w ith  th e  l a r v a l  a n t ig e n s .  The 
most marked d i f f e r e n c e s  between homologous and h e te ro lo g o u s  systems occur­
red  w ith  l a r v a l  and i n f e c t i v e  egg a n t ig e n s .  In each system th e  use  of 
th e  homologous a n t ig e n  gave much h ig h e r  t i t e r s .  On the  o the r  hand, the  
a d u l t  e x t r a c t s  of both sp e c ie s  gave s im i la r  r e a c t io n s  in  homologous and 
h e te ro lo g o u s  system s, i n d i c a t in g  complete la c k  o f  s p e c i f i c i t y .
The an t ibody  re sponses  of baboons (Animal B o f  each Group) 
in f e c te d  w ith  e i t h e r  1, 5, 10, or 20 i n f e c t iv e  Toxocara eggs/gm body 
w eight a re  summarized in  F igure 4. C i r c u la t in g  a n t ib o d ie s  were d e te c te d  
in  th e  se ra  o f  a l l  animals one week a f t e r  in f e c t i o n  w ith  Toxocara ca n is
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2 ™  In fa c t lo o
G r o u p  111 A n im a l B
T o a o c a r a  A n tig e n s  
0 a L a r v a e  3 T C  
— .  In fe c t iv e  e g g s  37°C  
« L a rv a e  r. t  
In fe c t iv e  e g g s  r. t.
i f *  In fe c t io n
i  4 i  I II It 14 ti II »  n  24 n  a  
W E E K S  O F  O B S E R V A T I O N
Figure 3. The e f f e c t  of th e  tem pera tu re  o f  a n t ig e n - re d  c e l l  
s e n s i t i z a t i o n  on the  s e n s i t i v i t y  of th e  hem agg lu tina tion  t e s t s  u s in g  
a n t i s e r a  from baboons in fe c te d  w ith  Toxocara c a n is .
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TABLE 4
HEMAGGLUTINATION TITERS OF ANTI-TOXOCARA AND 
a n t i- ascaris rabbit  sera USING VARIOUS 
ANTIGEN STAGES
A ntigen R ec ip ro ca l  of H em agglu tina tion  Titer® 
Antiserum
Toxocara A nti-Toxocara A n ti-A sca r is
Larvae 20,480-40,960 1,280
I n f e c t iv e  Eggs 2,560 160




I n f e c t iv e  Eggs 160 2,560
H atching F lu id 80 640-1,280
Adult 640 640
^Each v a lu e  is  th e  r e s u l t  of th r e e  r e p l i c a t e  experim ents  
(range i s  g iven  when r e s u l t s  v a r i e d ) .
44

















G r o u p  il A n im a l  B
AV
G r o u p  IV A n im a l B
T o x o c a r a  A n t ig e n s  
«——0 l a r v a e
A s c a r i s  A n t ig e n s
a d u l t  
1 I nf e c t i on
W E E K S  O F  O B S E R V A T I O N
F ig u re  4. H em agg lu tina tion  t i t e r s  i n  s e ra  from baboons in f e c te d  
w i th  Toxocara c a n i s , u s in g  red  c e l l s  s e n s i t i z e d  w i th  v a r io u s  homologous 
and h e te ro lo g o u s  a n t ig e n s .
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and reached  a peak th e  second o r  t h i r d  week. A ntibod ies  t o  Toxocara l a r ­
v a l  a n t ig e n s  were s t i l l  d e t e c ta b le  30 weeks a f t e r  i n f e c t i o n .  In  every  
• in s tan ce ,  th e  systems u s in g  a n t ig e n  of Toxocara la rv a e  d e te c te d  h ig h e r  
an t ib o d y  t i t e r s  than  systems u s in g  Toxocara a d u l t  o r  A sc a r is  l a r v a l  or 
a d u l t  e x t r a c t s .  With th e  ex cep tio n  o f  the Toxocara l a r v a l  e x t r a c t ,  none 
o f  th e  o th e r  a n t ig e n s  dem onstrated  c o n s i s t e n t ly  g r e a t e r  s e n s i t i v i t y  when 
te s t e d  w ith  th e  baboon a n t i s e r a .  S im ila r  r e s u l t s  were o b ta in ed  w i th  a n t i ­
s e ra  from four a d d i t io n a l  baboons in f e c te d  w ith  Toxocara. These r e s u l t s  
a r e  summarized in  Table 5. In no in s ta n c e  were a n t ib o d ie s  d e te c te d  in  
s e ra  taken  from th e s e  e ig h t  baboons b e fo re  i n f e c t io n .
The an im als  d e p ic te d  in  F igu re  4 were r e in f e c t e d  e i t h e r  12 or 
16 weeks a f t e r  th e  f i r s t  i n f e c t io n .  One anim al (Group IV) d ied  e ig h t  
days a f t e r  r e i n f e c t i o n  and serum was n o t a v a i l a b l e  for t e s t i n g .  The 
o th e r  3 an im als  showed a r i s e  in  an tibody  t i t e r  to  th e  Toxocara l a r v a l  
a n t ig e n .  In two an im als ,  the  anam nestic  response  exceeded th a t  achieved  
d u ring  th e  prim ary response .
Serum P ro te in  E le c t ro p h o re s is  
No s i g n i f i c a n t  changes in  the  a lpha  1, -2 ,  and b e ta  g lo b u l in s  
were d e te c te d  in  th e  s e ra  o f  the  in f e c te d  baboons. The changes t h a t  
occurred  in  th e  albumin, gamma g lo b u l in ,  and t o t a l  p r o t e i n  f r a c t i o n s  in  
each animal a r e  summarized in  Tables 6 through  10.
G enera lly ,  t h e r e  was an in c re a s e  in  th e  t o t a l  p r o t e i n  i n  a l l  
in f e c te d  anim als  d u ring  th e  f i r s t  i n f e c t io n  as  w e l l  as a f t e r  th e  second 
in f e c t i o n .  This in c re a s e  reached a maximum between two to  f iv e  weeks 
a f t e r  i n f e c t io n .  The in c re a s e  was e s p e c i a l l y  apparen t in  Animal B of 
Group I I  (Table 7 ) .  With the  ex cep tio n  o f  Animal A of Group IV (Table 9)
TABLE 5
HEMAGGLUTINATION TITERS IN SERA FROM BABOONS INFECTED WITH TOXOCARA 
CANIS, USING RED CELLS SENSITIZED WITH VARIOUS HOMOLOGOUS AND
HETEROLOGOUS ANTIGENS
RECIPROCAL OF HEMAGGLUTINATION TITERS 
Group I  (A)& Group I I  (A)^
A ntigen  Used For S e n s i t i z a t i o n A ntigen  Used For S e n s i t i z a t i o n
Weeks Toxocara A sc a r is Toxocara A sc a r is
A f te r
I n f e c t i o n Larva A dult  Larva A dult Larva A dult Larva A dult
I 160 80 0 0 160 80 0 0
2 5120 1280 0 320 2560 320 320 320
3 5120 640 0 0 5120 160 320 320
4 2560 640 0 320 2560 160 320 320
5 1280 320 0 80 1280 160 160 160
6 1280 320 0 160 1280 160 160 80
8 640 320 0 80 1280 160 80 0
10 640 320 0 80 1280 80 0 0
12 640 160 0 80 1280 80 0 0
14 640 160 0 0 2560 0 0 0
16 640 160 0 0 1280 0 0 0
18 640 160 0 0 — - - -
19 - - - - 2560 0 0 0




- - - - 1280 0 0 0
- - - - 2560 0 0 0
^ In fe c te d w i th  1 i n f e c t i v e Toxocara egg/gm body w e ig h t .
^ In f e c te d w i th  5 i n f e c t i v e Toxocara eggs/gm body w e ig h t .
o\
TABLE 5 - -  Continued
HEMAGGLUTINATION TITERS IN SERA FROM BABOONS INFECTED WITH TOXOCARA 
CANIS, USING RED CELLS SENSITIZED WITH VARIOUS HOMOLOGOUS AND
HETEROLOGOUS ANTIGENS
RECIPROCAL OF HEMAGGLUTINATION TITERS 
Group I I I  (A)^ Group IV (A)b
A ntigen  Used For S e n s i t i z a t i o n  A ntigen  Used For S e n s i t i z a t i o n
Toxocara A sc a r is  Toxocara A sc a r isWeeks
A f te r
I n f e c t i o n Larva A dult Larva A dult Larva A dult Larva A dult
I 160 80 80 0 80 80 0 0
2 5120 640 160 320 2560 320 80 320
3 2560 320 320 80 2560 640 160 640
4 1280 320 160 0 1280 320 80 160
5 1280 320 160 0 640 160 80 80
6 1280 320 160 0 640 160 80 80
8 1280 320 320 0 640 160 160 160
10 1280 320 320 0 640 160 160 160
12 1280 160 320 0 640 160 160 160
14 1280 160 320 0 - - - -
16 1280 320 320 0 - - - -
18 - - - - ■ ■ — - - -
20 2560 160 320 0 - - - -
28 1280 160 160 0 - - - -
® In f e e te d w i th  10 i n f e c t i v e Toxocara eggs/gm body w e ig h t .
^ In fe c te d w ith  20 i n f e c t i v e Toxocara eggs/gm body w e igh t .
f-
TABLE 6
SERUM PROTEIN ANALYSES IN BABOONS RECEIVING ONE INFECTIVE 
TOXOCARA CANIS EGG PER GRAM BODY WEIGHT
Weeks o f  
O bse rv a tio n
T o ta l





G lo b u lin
T o ta l
P r o t e i n
Animal (B)^^ 
Albumin Gamma- 
G lo b u lin
P r e i n f e c t i o n 7.41 3 .05 1.71 7 .40 4 .20 1.09
1 7 .49 3 .53 1.54 7 .40 3 .93 1.21
2 7.90 3 .21 1.94 7.42 4 .09 1.18
3 7 ,81 3 .58 1 .58 7 .60 3.80 1 .24
4 8 .05 3 .60 1 .64 7.72 3.68 1 .46
5 8.15 3 .76 1.62 8 .25 3.62 1.37
6 7 .80 3 .57 1.56 7.65 3 .68 1.42
8 7. 62 3 .16 1 .70 7 .40 3.52 1 .40
10 8.22 3 .05 1.99 7.42 3 .84 1.23
12 7 .85 3 .09 1.83 7 .72 3 .66 1.35
13 - - - 7 .50 4 .13 1 .10
14 8.13 3 .31 1 .78 8 .0 0 4 .23 1 .26
15 - - - 8 .35 4 .3 6 1.35
16 7 .96 3 .03 1 .94 8 .60 4 .4 4 1 .35
17 - - - 7 .80 3 .76 1.27
18 8.42 3 .41 1 .96 8 .25 3 .28 1 .66
20 - — 8 .00 3 .66 1 .41
•p-
00
&Each v a lu e  (gm/100 ml) i s  av e ra g e  o f  two d e te rm in a t io n s -
^Received second i n f e c t i o n  (1 i n f e c t i v e  Toxocara egg/gm body w e ig h t )  th e  12th  week.
TABLE 7
SERUM PROTEIN ANALYSES IN BABOONS RECEIVING FIVE INFECTIVE TOXOCARA




Weeks o f  
O bse rv a tio n
T o ta l
P r o te in
Albumin Gamma- 
G lo b u lin
T o ta l
P r o te in
Albumin Gamma- 
G lo b u lin
P r e i n f e c t i o n 7 .80 3 .66 1.51 7 .05 3 .81 1.02
1 8 .00 3.07 2 .08 7 .10 3 .46 1.30
2 8 .10 3.03 2 .21 8 .05 3.31 1.76
3 8 .15 3 .04 2 .38 7 .30 3 .7 0 1 .45
4 8 .35 3 .39 2 .15 8 .00 3 .39 1 .96
5 8 .60 3. 65 2 .02 7 .50 3.57 1 .43
6 8.50 3 .3 6 2 .12 7 .40 3.57 1 .43
8 8 .05 3 .42 1.84 7 .40 3 .54 1.43
10 8 .15 3 .06 2 .21 7 .58 3 .8 0 1.32
12 8 .15 3 .26 1 .95 7 .58 3 .97 1.30
14 8 .20 3 .52 1 .78 7.50 3 .61 1.47
16 8 .25 3 .23 1.90 7.40 3 .68 1.47
17 - - - 7 .60 3 .35 1 .78
18 - - - 7.72 3 .38 1.88
19 8 .50 3 .2 4 1 .9 9 7 .30 3 .06 1.67
20 - - - 7 .60 3 .50 1 .36
21 - - - 7 .95 3 .68 1.61
22 8 .20 3 .24 1.82 7 .90 3 .46 1.68
24 - - - 7 .60 3.18 1.64
26 8.25 3 .09 1.81 7.85 2 .87 1.82
VO
®Each v a lu e  (gm/100 ml) i s  t h e  av e ra g e  o f  two d e te rm in a t io n s .
^Received second i n f e c t i o n  (5 i n f e c t i v e  Toxocara eggs/gm body w e ig h t)  th e  16 th  week.
TABLE 8
SERUM PROTEIN ANALYSES IN BABOONS RECEIVING TEN INFECTIVE, TOXOCARA 
CANIS EGGS PER GRAM BODY WEIGHT
Weeks o f  
O bse rva tion
T o ta l
P r o te in
Animal (A)^ 
Albumin
Group I I I
Gamma-
G lo b u lin
T o ta l
P r o t e i n
Animal (B)^^ 
Albumin Gamma- 
G lo b u lin
P r e i n f e c t i o n 7 .40 3 .59 1.29 7.40 3 .64 1.24
1 7.40 3 .2 5 1.38 7.40 2 .92 1.61
2 8-20 3 .15 1 .90 7 .60 2 .50 2 .26
3 8 .35 3 .16 1 .93 7.85 3 .38 1.79
4 8 .15 3.07 1.88 7.95 3 .21 1. 72
5 8 .5 0 3 .43 1 .86 7 .85 3.47 1,57
6 8 .35 3 .35 1 .81 8 .00 3 .43 1 .60
8 7.95 3 .28 1 .55 7 .8 5 3 .14 1.71
10 7.95 3 .43 1.65 7.95 3 .95 1.26
12 8 .15 3 .59 1 .60 7 .95 3.71 1 .44
13 - - - 7 .85 3 .00 1.88
14 7 .85 3.41 1.58 8 .10 3 .28 1 .88
15 - - - 7 .45 3 .02 2 .11
16 7.85 3.47 1.58 - - -
20 - - - - - -
26 7 .95 3 .14 1 .85 -
uio
^Each v a lu e  (gm/100 ml) i s  th e  ave rag e  o f  two d e te rm in a t io n s .
Received second i n f e c t i o n  (10 i n f e c t i v e  Toxocara eggs/gm body w e ig h t )  th e  12th  week.
TABLE 9
SERUM PROTEIN ANALYSES IN BABOONS RECEIVING TWENTY INFECTIVE TOXOCARA
CANIS EGGS PER GRAM BODY WEIGHT
Weeks o f  
O bse rv a tio n
T o ta l





G lo b u lin
T o ta l
P r o t e i n
Animal (B)®^ 
Albumin Gamma- 
G lo b u lin
P r e i n f e c t i o n 7 .4 0 2 .75 1.47 7 .55 3 .25 1 .36
1 7 .40 2.55 1 .66 7 .53 3.35 1 .26
2 7 .40 2 .25 1.83 7 .50 2 .83 1.52
3 7 .7 0 2 .15 2 .0 0 7.30 2 .64 1.53
4 7. 70 2 .32 1.82 7 .14 2 .83 1.45
5 7 .10 2 .35 1 .74 7 .20 2 .85 1.36
6 7 .10 2 .26 1.75 7 .50 2 .85 1.52
8 7 .48 2 .51 1.77 7 .70 2.57 1.91
10 7 .70 2 .47 1.86 7.85 2 .57 1.86
12 7 .8 0 2 .49 1 .96 7.95 2 .45 1.86
Ln
&Each v a lu e  (gm/100 ml) i s  th e  a v e ra g e  o f  two d e te r m in a t io n s .
^Received second i n f e c t i o n  (20 I n f e c t i v e  Toxocara eggs/gm body w e ig h t )  th e  12 th  week.
TABLE 10
SERUM PROTEIN ANALYSES OF NON-INFECTED BABOONS
Weeks o f  
O b se rv a tio n
T o ta l





G lo b u lin
V
T o ta l




G 7 ,85 3,52 1 .78 7 .60 4 .4 0 1.10
3 7 .60 3 .34 1.71 7.85 4 .33 1.28
5 7.60 3.59 1.61 7 .50 3.92 1.29
9 7 .60 3.47 1.69 7.35 3. 62 1 .30
13 7 .70 3 .69 1.61 7.40 4 .0 6 1.14
18 8 .00 3 .5 6 1.59 7 .60 3 .93 1.31
20 8.00 3 .40 1.79 7,45 4 .09 1.13
^Each v a lu e (gm/100 ml) i s th e  av e ra g e o f  two d e t e r m in a t io n s .
LnfO
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t h e  in c re a s e  in  serum p r o t e i n  was due p r im a r i ly  to  an  in c re a s e  in  the  g lo ­
b u l i n  f r a c t i o n .  From th e se  r e s u l t s  i t  can be seen t h a t  th e  seven of e ig h t  
an im als  e x h ib i te d  an ap p are n t  in c re a s e  in  gamma g lo b u l in .  The p o s s ib le  
e x ce p tio n  was Animal A, Group I  (Table 6 ) .  In g e n e ra l  th e  peak in c re a se
occurred  th r e e  to  f iv e  weeks a f t e r  th e  f i r s t  i n f e c t i o n  and then  began to
d ro p ,  a l though  in  Animal B, Group IV (Table 9 ) ,  th e  gamma g lo b u l in  in c r e ­
ased  markedly only a f t e r  e ig h t  weeks of i n f e c t i o n  i n  most o f  the  anim als . 
Accompanying the  in c re a s e  in  gamma g lo b u l in  was a s l i g h t  dec rease  in  the  
albumin which reached i t s  low est l e v e l  between th e  second and th i r d  week 
a f t e r  i n f e c t i o n  in  a l l  an im als  excep t Animal A o f Group I  (Table 6), This 
an im al showed a s l i g h t  in c re a s e  d u r in g  th e  f i r s t  e ig h t  weeks and a lso
d u r in g  th e  l a t t e r  p a r t  o f  th e  i n f e c t i o n  p e r io d .  There was no c l e a r - c u t
r e l a t i o n s h i p  between th e  i n f e c t io n  dosage l e v e l  and the  e x te n t  of changes 
i n  serum f r a c t i o n s .
As shown in  Table 10, th e  c o n t ro l  anim als  (n o n - in fe c te d )  showed 
no s i g n i f i c a n t  changes in  t o t a l  p r o t e i n ,  albumin, o r  gamma g lo b u l in  during  
th e  e n t i r e  s tu d y .
Gross Post Mortum S tu d ie s  and L arva l Recoveries  
Although they  were no t planned as p a r t  of th e  o r i g i n a l  o b jec ­
t i v e ,  post-mortum and l a r v a l  reco v e ry  s tu d ie s  were inc luded  when two of 
th e  exp er im en ta l  an im als  d ied  s h o r t l y  a f t e r  the  second in f e c t io n .  Appar­
e n t ly  th e s e  two anim als  d ied  as  a r e s u l t  o f  th e  Toxocara in f e c t io n .  Simi­
l a r  pos t mortum and l a r v a l  reco v e ry  s tu d ie s  were made on the  remaining 
an im als  a f t e r  th e  t e rm in a t io n  o f  th e  major p o r t io n  of the  s tudy .
G ross ly , m u l t ip l e ,  w h i te ,  p in h e a d -s iz e d  nodules were seen in  the  
l i v e r  (beneath  th e  c a p s u le  and in  th e  parenchyma), th e  lungs (beneath th e
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p le u r a l  s u r fa c e  and a l s o  in  th e  parenchyma), and th e  k idney .  The number 
o f  nodules was d i r e c t l y  r e l a t e d  to  th e  s i z e  of th e  dose of i n f e c t i v e  eggs.
Granulomata were seen  in  v a r io u s  organs in  two an im als  t h a t  d ied  
a f t e r  r e c e iv in g  a f i r s t  and second i n f e c t i o n .  I t  was d i f f i c u l t  to  d i s ­
t in g u is h  the  le s io n s  o f  th e  f i r s t  and th e  second in f e c t io n  w ith  p r e c i s io n .  
One o f  th e se  an im als ,  a female (Animal B, o f  Group IV), d ied  e ig h t  days 
a f t e r  th e  second i n f e c t i o n  w ith  h igh  tem pera tu re  and r a p id  r e s p i r a t i o n s .  
Post-mortem exam ination rev ea led  c o n s o l id a t io n  o f  th e  e n t i r e  r i g h t  lung , 
w ith  p u ru le n t  p e r i c a r d i t i s  and p u ru le n t  m e n in g i t i s .  Larvae were dem onstra­
ted  in  the  p e r i c a r d i a l  sac o f  t h i s  anim al bu t no t  in  th e  m eninges, a l t h o ­
ugh la rv a e  were recovered  from th e  b r a in  by peps in  d ig e s t io n  (Table 11).
The second anim al, a male baboon (Animal B o f  Group I I I ) ,  d ied  20 days 
a f t e r  th e  second i n f e c t i o n ,  a l s o  w ith  h ig h  tem pera tu re  and symptoms of 
r e s p i r a t o r y  d i s t r e s s .  G ross ly ,  th e  lungs were ex trem ely  congested  and 
con ta ined  m u l t ip le  a re a s  o f  hemorrhage. M ic ro sc o p ic a l ly ,  the  changes 
were predom inantly  those  o f  conges tion  w ith  i n t r a - a l v e o l a r  hemorrhage 
and edema. A few a re a s  o f  fo c a l  broncho-pneumonia were no ted .
L arval r e c o v e r ie s  were made from c e r t a i n  organs which a re  d e s ­
c r ib e d  in  th e  M a te r ia ls  and Methods. The r e s u l t s  a re  summarized in  Table
11. From th e se  r e s u l t s  i t  can be seen t h a t  th e  l a r v a l  reco v e ry  was
r e l a t e d  to  the  number o f  la rv a e  g iven  t o  each an im al, i . e . ,  th e  h ig h e r  
th e  dose the  g r e a t e r  th e  number of l a rv a e  recovered .  The p e rcen tag e  of 
la rv a e  recovered  in  r e l a t i o n  to  t o t a l  number g iven  ranged from 14.6% to  
25%. Although more la rv a e  were recovered  (per gram o f  organ w e ig h t)  from 
th e  l i v e r  th an  from any o th e r  o rgan , th e  number of la rv a e  recovered  from
th e  lungs was o f  a s im i la r  magnitude in  two o f  four an im als  s tu d ie d .
TABLE 11
LARVAL RECOVERIES FROM ORGANS OF BABOONS INFECTED WITH TOXOCARA CANIS
Animal®
Group




A f te r
I n f e c t io n ^
L iv e r
Number o f  Larvae/Gm Organ Weight 
(7o Recovery o f  T o ta l  Larvae Given)
Lung B ra in  Kidney H eart
Group I-B 2 25 26 0 6. 6 0 6. 6
(2 2 .4 ) (0%) (2 .2 ) (0%) (2 .4 )
Group I I -B 10 32 26 .4 22 .4 26 .0 ND 20
(6 .8 ) (4 .7 ) (1 .9 ) ND (1 .2 )
Group I I I -A 10 24 53.3 32 15 15 10.5
(1 5 .6 ) (5 .9 ) (2 .1 ) (0 .9 8 ) (0 .8 8 )
Group IV-B 40 13 84 77 4 4 .4 75 ND
(8 .8 ) (5 .5 ) (2 .7 ) (1 -4 ) ND
Ln
Ln
ND - Not done.
®No la rv a e  were reco v e re d  from th e  organs o f  th e  c o n t r o l  group, 
b.I n f e c t i o n  sch ed u le  g iv en  in  T ab le  1.
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H is to p a th o lo g ic a l  S tud ies
S ec t io n s  were made o f  th e  b r a in ,  lung, l i v e r ,  p a n c re a t ic  c ap su le ,  
t h y r o id ,  h e a r t ,  and m esen te r ic  lymph nodes o f  an im als  from each group.
The r e s u l t s  a re  d e sc r ib e d  below.
Brain
The predominant c e l l s  were o f  the  la rg e  mononuclear and g ia n t  
v a r i e t y .  Many p u n c ta te  l e s i o n s ,  c h a ra c te r i z e d  by sm all a re a s  o f  coagu­
l a t i o n  n e c r o s i s ,  and i n f i l t r a t e d  by one or two inflam m atory c e l l s ,  were 
commonly seen  in  the  b r a in  a d ja c e n t  to  g ran u lo m a to u s - l ik e  l e s i o n s ,  bu t 
la c k in g  t h i c k  f ib ro u s  capsu le s  t h a t  were seen in  o th e r  organs (F igure  5).
Lung
Another r a t h e r  c h a r a c t e r i s t i c  f e a tu r e  o f  Toxocara i n f e c t io n  
appeared to  be th e  presence  o f  numerous hem osiderin  laden  macrophages 
a d ja c e n t  to  th e  sm all pulmonary a r t e r i e s ,  a s  shown in  F igure  6. These 
c l u s t e r s  were seen in  a l l  bu t one o f  th e  in f e c te d  an im a ls ,  in  none of 
th e  c o n t r o l s ,  and th e  numbers were d i r e c t l y  p ro p o r t io n a l  to  th e  number 
o f  i n f e c t i v e  eggs in  the  inoculum.
L iver
T yp ica l granulomata w ith  th i c k  f ib ro u s  cap su le s  were seen in  
s e c t io n s  of th e  l i v e r  12 weeks a f t e r  a s in g le  i n f e c t io n .  They were 
c h a r a c te r i z e d  by a l a rg e  c e n t r a l  re g io n  c o n ta in in g  g ia n t  c e l l s ,  amorphous 
r e d d is h  d e b r i s ,  and th ic k  e o s in o p h i l i c  f i b r i l l a e  which u s u a l ly  resembled 
th e  la rv a e  in  shape and presumably rep re se n te d  d e g e n e ra t in g  la rv a e .  This 
c e n t r a l  reg io n  was surrounded by f ib ro u s  t i s s u e  which was i n f i l t r a t e d  
w i th  moderate numbers of polymorphonuclear le u k o c y te s ,  e o s in o p h i ls ,  lymph-
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c y te s ,  and plasma c e l l s ,  as shown in  F igure  7. In  s e c t io n s  made from an 
anim al 22 weeks a f t e r  a s-ingle i n f e c t i o n ,  th e  f ib ro u s  t i s s u e s  in  th e  cap­
s u le  was more dense and i n f i l t r a t e d  w ith  a sm a lle r  number o f  inflammatory 
c e l l s ,  most o f  which were lymphocytes and plasma c e l l s .  I n t a c t  la rv a e  
were seen ,  along  w ith  la rg e  mononuclear c e l l s  and g ia n t  c e l l s .  The 
l a t t e r  had foamy cytoplasm which f r e q u e n t ly  con ta ined  s l i v e r s  o f  b r ig h t  
r e d ,  doubly  r e f r a c t i l e ,  c h i t i n o u s - l i k e  m a te r ia l .
More r e c e n t  le s io n s  were observed in  th e  male t h a t  d ied  20 days 
a f t e r  th e  second in f e c t io n  and they  showed ex ten s iv e  n e c ro s i s .  These 
l e s i o n s ,  a p p a re n t ly  from th e  second in f e c t io n ,  con ta ined  deep ly  s ta in e d  
e o s in o p h i l ic  f i b r i l l a e  surrounded by many polymorphonuclear leukocy tes  
and e o s in o p h i l s .  A v a r i a b l e  number o f  lymphocytes and plasma c e l l s  were 
p r e s e n t ,  u s u a l ly  p e r ip h e r a l l y  (F igure  8, 9 ) .  Moreover, l e s io n s  in  the 
m yocard ia l  s e c t io n s  of t h i s  animal showed i n t a c t  l a rv a e ,  w i th  only moder­
a t e  n e c r o s i s  and minimal inflam m atory r e a c t io n  (Figure 10).
P a n c re a t ic  Capsule 
In t h i s  o rgan , deep ly  s ta in e d  e o s in o p h i l ic  f i b r i l l a e  were seen 
encas ing  a la rv a  which was surrounded by e o s in o p h i ls  and polymorphonuclear 
le u k o cy te s  w ith  no evidence o f  f ib ro u s  capsu le  (F igure 11). Adjacent to  
t h i s  l a r v a  were g ia n t  c e l l s  w ith  foamy cytoplasm and c h i t i n o u s - l i k e  s l i ­
v e r s ,  re sem bling  th e  c e n t r a l  p o r t io n  of granuloma.
Thyroid Gland
The granuloma observed in  t h i s  organ was sm all and was surrounded 
by a m ature f ib ro u s  capsu le  which was i n f i l t r a t e d  w ith  a few lymphocytes. 
Giant c e l l s  and la rg e  mononuclear c e l l s  w ith  cy toplasm ic  c h i t in o u s  s l i v e r s
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Figure  5. Animal B, Group I I I .  Cerebellum, H & E x 128. The 
lé s io n  c o n s i s t s  of an a r e a  o f  l i q u e f a c t i o n  n e c ro s i s  i n f i l t r a t e d  by numer­
ous mononuclear c e l l s ,  r e a c t iv e  a s t r o c y t e s ,  and s e v e r a l  g ia n t  c e l l s .
F igure  6. Animal B, Group IV. Lung, H & E x 128. M u ltip le  
hem osiderin  ladened macrophages a d ja c e n t  to  sm all pulmonary a r t e r y .
F igure  7. Animal A, Group IV. L iv e r ,  H & E x 50. A th r e e  
month le s i o n  showing c e n t r a l  t h i c k  e o s in o p h i l ic  f i b r i l s ,  a p p a re n t ly  
l a r v a l  rem nants , and o cca s io n a l  g ia n t  c e l l .  The f i b r o b l a s t s  in  the  
capsu le  a re  plump, randomly a l l i g n e d ,  and i n f i l t r a t e d  by a moderate 
number o f  lymphocytes and plasma c e l l s .
F igure  8. Animal B, Group I I I .  L iv e r ,  H & E x 128. Recent 
l e s io n  c o n s i s t i n g  o f  numerous t h i c k  e o s in o p h i l i c  f i b r i l s  surrounded by 
polymorphonuclear le u k o cy te s ,  e o s in o p h i ls ,  lymphocytes, and plasma c e l l s .  
A few f ib r o b l a s t s  a r e  p re se n t  among the  inflammatory c e l l s ,  bu t th e re  




Figure  9. Animal B, Group I I I ,  L iv e r ,  H & E x 320. An a p p a r ­
en t  r e c e n t  l e s io n  showing c r o s s - s e c t io n  o f  Toxocara la rv a  in  h e p a t ic  
s in u s o id  surrounded by polymorphonuclear leu k o cy tes  and e o s in o p h i ls .
F igure  10. Animal Group I I I .  H e a r t ,  H & E x 128. Recent 
l e s io n  c o n ta in in g  two i n t a c t  l a rv a e ,  i n f i l t r a t e d  w ith  lymphocytes and 
plasma c e l l s .  An o c c a s io n a l  f i b r o b l a s t  i s  e v id e n t .
F igure  11. Animal A, Group I I I .  P a n c re a t ic  c ap su le ,  H & E x 
128. Six months a f t e r  i n f e c t i o n  w ith  Toxocara c a n i s . Toxocara la rv a  
i s  p re s e n t  on th e  r i g h t  surrounded by deep ly  s t a i n in g  e o s in o p h i l ic  
f i b r i l s  su g g es tin g  a c u te  l a r v a l  n e c ro s i s .  The c i r c u l a t e  l e s io n  a t  the  
l e f t  resem bles th e  c e n t e r  o f  a w ell-deve loped  granuloma, a l though  no 
f ib ro u s  capsu le  i s  seen . The surrounding  t i s s u e  i s  i n f i l t r a t e d  w ith  
polymorphonuclear le u k o c y te s ,  e o s in o p h i ls ,  lym phocytes, plasma c e l l s ,  









were p re s e n t  and I n t a c t  la rv a e  were seen  (F igure 12).
H eart and P e r i c a r d i a l  Sac 
Larvae were dem onstrated  in  th e  m yocardial and p e r i c a r d i a l  
s e c t io n s  o f  th e  two anim als t h a t  d ied  a f t e r  r e c e iv in g  a f i r s t  and 
second i n f e c t i o n .  These le s io n s  a p p a re n t ly  were from th e  second i n f e c ­
t i o n s  g iven  20 and 8 days p r io r  to  d e a th  (F igure 10 and 13). The in f lam ­
matory r e a c t io n  was minimal.
M esen teric  Lymph Nodes 
T ypica l granulom ata were seen in  th e  female t h a t  d ied  e ig h t  
days a f t e r  th e  second in f e c t i o n  (F igure  14). The le s io n s  were s im i la r  
to  those  seen  in  o th e r  t i s s u e s  in  an im als  g iven  a s in g le  i n f e c t io n  of 
th r e e  months d u ra t io n .
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Figure  12. Animal A, Group I I .  T hyroid , tr ich ro m e  x 50, Eight 
month granuloma c h a r a c te r i z e d  by c o n t ra c te d ,  m ature cap su le  and c e n t r a l  
g i a n t  c e l l s  c o n ta in in g  c h i t in o u s  s l i v e r s .  T ran sv erse  s e c t i o n  o f  th e  
la rv a  i s  a l s o  seen .
F igure  13. Animal B, Group IV. P e r i c a r d i a l  sac ,  tr ich ro m e  x 
128. Recent l e s i o n  showing c r o s s - s e c t i o n  o f  an  i n t a c t  l a rv a  surrounded 
by lymphocytes, plasma c e l l s ,  a few polym orphonuclear le u k o c y te s ,  and 
numerous plump f i b r o b l a s t s .
F igure  14. Animal B, Group IV. M esen te r ic  lymph nodes, H & E 
X 50. Three months granuloma w ith  a  f a i r l y  w e ll-d e v e lo p ed  f ib ro u s  
cap su le .  The c e n t r a l  zone c o n ta in s  g ia n t  c e l l s ,  amorphous d e b r i s ,  and 






The baboons involved  in  t h i s  s tudy  showed a le u k o c y to s is  and an 
e o s in o p h i l ia  as  e a r ly  as one week a f t e r  i n f e c t io n  w ith  Toxocara. The c e l l  
re sponses  reached a peak th e  second or t h i r d  week a f t e r  i n f e c t io n ,  d e c l i n ­
ed g ra d u a l ly  t h e r e a f t e r ,  and in c reased  aga in  fo llow ing  th e  second in f e c ­
t i o n  (Figure 1 and 2 ) .  A r e l a t i o n s h ip  seemed to  e x i s t  between th e  s iz e  
of the  i n f e c t i v e  dose and th e  i n t e n s i t y  o f  the  re sp o n se .  The in c re a s e  
in  c e l l  counts  in  in f e c te d  baboons g e n e ra l ly  agreed w ith  p rev ious  o b s e r ­
v a t io n s  in  bo th  man and experim en ta l an im als .  S evera l workers have shown 
t h a t  the maximum e o s in o p h i l i c  response  u s u a l ly  occurs  w i th in  two to  th re e  
weeks a f t e r  in f e c t io n  w ith  nematodes, e .g .  ^  c a n is  in  r a b b i t s ,  (Sadun, 
e t  a l .  1957); D. v iv ip a ru s  in  c a t t l e ,  (Weber and Robin, 1958); T. c a n is  
in  guinea p ig  and man, (Chaudhuri and Saha, 1959); T r i c h in e l l a  in  r a t s  
(Scardino and Zaiman, 1962); and T. can is  in  guinea p ig s ,  (Olson and 
Schulz, (1963). Furtherm ore , an inc reased  e o s in o p h i l ic  response  has a l s o  
been noted by Sadun e ^  a l .  (1957) and Olson and Schulz (1963) a f t e r  a 
second in f e c t io n  w i th  Toxocara.
The e o s in o p h i l ia  in  humans d i f f e r s  from th a t  observed in  e x p e r i ­
m ental animals in  t h a t  th e  response  l a s t s  longe r.  Smith and Beaver (1953) 
re p o r te d  t h a t  th e  e o s in o p h i l i a  peaked a f t e r  one to  th r e e  months and remain­
ed between 17 to  30% fo r 13 months in  two c h i ld r e n  in f e c te d  o r a l l y  w ith
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200 in f e c t i v e  c a n is  eggs. Chandhuri and Saha (1959) no ted  a maximum 
e o s in o p h i l ia  o f  62% on th e  t h i r t i e t h  day a f t e r  i n f e c t i o n  and t h e r e a f t e r  
th e  l e v e l  remained between 40 to  50% fo r  th e  f iv e  months t h a t  an in fe c te d  
v o lu n te e r  was observed . In the  p re s e n t  s tu d ie s ,  however, th e  maximum 
e o s in o p h i l  l e v e l  in  baboons occurred  two to  th r e e  weeks a f t e r  in f e c t io n  
and dropped r a t h e r  r a p id l y  by th e  fo u r th  or f i f t h  weeks (F igure  2 ) .
There i s  no w ide ly  accep ted  ex p la n a t io n  fo r  th e  observed d i f f e r ­
ences in  e o s in o p h i l i c  re sp o n ses  o f  humans and o th e r  anim al sp e c ie s  i n f e c ­
te d  w ith  c a n i s . Olson and Schulz (1963) suggested  t h a t  the  d e c l in e  in  
e o s in o p h i l  count in  guinea p igs  a f t e r  th e  second week o f  i n f e c t i o n  w ith  
T. ca n is  may be r e l a t e d  to  th e  n e g a t iv e  l a r v a l  r e c o v e r i e s  from anim als  
nec rops ied  on day 14. In  th e  p re s e n t  s tu d y ,  however, l a rv a e  were e i t h e r  
recovered  by pepsin  d ig e s t io n  o r  dem onstrated  in  t i s s u e  s e c t io n s  o f  
baboons e ig h t  months a f t e r  they were in fe c te d  w ith  c a n i s . Moreover, 
when guinea p ig s  were used to  check th e  v i a b i l i t y  o f  Toxocara eggs g iven  
th e  baboons app rox im ate ly  80% o f  the  la rv a e  were recovered  four weeks 
a f t e r  th e  guinea p ig s  were in f e c te d .  A lso , Beaver (1962) r e p o r te d  th a t  
26.4$ o f  the  la rv a e  were recovered  from guinea p ig s  one yea r  a f t e r  they  
were in f e c te d  w ith  T^ c a n i s . Ivey (1965) a t t a in e d  even h ig h e r  l a r v a l  
r e c o v e r i e s  from th e  l i v e r s  o f  gu inea p ig s  10 weeks a f t e r  i n f e c t i o n  w ith  
T. c a n i s .
The p r e s e n t  f in d in g  th a t  th e  e o s in o p h i l i c  response  i s  dose 
r e l a t e d  tempts one to  s p e c u la te  on th e  reasons  fo r  such an o b se rv a t io n .  
P o s s ib ly  th e  la rv a e  provoked h is tam in e  r e l e a s e  by d i r e c t  c e l l  damage 
d u r in g  m ig ra t io n ,  o r  p o s s ib ly  th e  e x c re t io n s  and s e c r e t io n s  of th e  la rv a e  
provoke an e o s in o p h i l i c  response . Vaughn (1952) dem onstra ted  an eo s in o -
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p h i l i a  i n  gu inea  p ig s  i n j e c t e d  w ith  an ^  suum e x t r a c t .  The e o s in o p h i l i a  
d isap p ea red  a f t e r  an  a n t i - h i s t a m in e  was g iven . Archer and H irsch  (1963) 
and L i t t  (1964) have shown t h a t  a n t ig e n -a n t ib o d y  complexes provoke e o s in o ­
p h i l i a .  P o ss ib ly  a s im i la r  c ircum stance  occu rred  a f t e r  an in fe c te d  
an im als  produce an t ib o d y  to  Toxocara. However, u n t i l  more i s  known about 
th e  b a s i c  fu n c t io n  o f  th e  e o s in o p h i l  th e  above p o s s i b i l i t i e s  cannot be 
a d e q u a te ly  in v e s t ig a t e d .
In th e  p r e s e n t  s t u d i e s  s p e c i f i c  a n t ib o d ie s  were produced in  
baboons fo llo w in g  i n f e c t i o n  w ith  c a n i s . A n tibod ies  were d e t e c ta b le  
in  a r e p ro d u c ib le  manner by th e  m icrohem agg lu tina tion  techn ique  one 
week a f t e r  i n f e c t i o n ,  reached  a peak th e  second o r  t h i r d  week, and were 
s t i l l  d e t e c ta b le  30 weeks a f t e r  i n f e c t io n  u s in g  a n t ig e n  p repared  from 
Toxocara l a rv a e .  In  g e n e r a l ,  th e re  was no r e l a t i o n s h i p  between th e  s iz e  
o f  th e  i n f e c t i v e  dose g iven  and th e  an t ib o d y  t i t e r .  A d d it io n a l  evidence 
in  favo r  o f  an an tibody  re sp o n se ,  a l th o u g h  i n d i r e c t ,  was th e  apparen t 
in c re a s e  i n  gamma g lo b u l in  seen in  the  baboons in f e c te d  w ith  Toxocara 
(Table 6 and 9).
The in c re a s e  in  gamma g lo b u l in  a f t e r  i n f e c t i o n  w ith  Toxocara 
has a l s o  been r e p o r te d  in  humans (Beaver, 1956; H untly and C ostas ,  1965, 
and Snyder, 1961). Furtherm ore , Beaver (1962) r e p o r te d  t h a t  th e re  was 
a d i r e c t  r e l a t i o n s h i p  between the  degree  o f  e o s in o p h i l i a  and h yperg lo -  
bu linem ia  in  most, bu t n o t  a l l ,  c ases  diagnosed as  v i s c e r a l  l a rv a  m igrans.
A hypergammaglobulinemia has been r e p o r te d  in  experim enta l 
an im als  in fe c te d  w ith  Toxocara . Sadun e^  a l .  (1957) found an in c re a s e  
in  th e  gamma g lo b u l in - o f * in f e c te d  r a b b i t s .  Nash (1965) found an in c re a s e  
in  th e  gamma g lo b u l in  o f  mice in f e c te d  w ith  ^  can is  and suggested  th a t
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t h i s  in c re a s e  was not due to  p ro d u c t io n  of a n t ib o d ie s ,  bu t probab ly  due 
to  b a c t e r i a l  in v a s io n  o f  th e  e x t r a - i n t e s t i n a l  t i s s u e s  fo llo w in g  p e n e t r a ­
t i o n  o f  la rv a e .  He based t h i s  i n t e r p r e t a t i o n  on a n t ib o d y -a n t ig e n  abso rp ­
t i o n  s t u d i e s ,  u s in g  a n t ig e n s  o f  i n f e c t i v e  eggs, undeveloped eggs, and 
a d u l t  worms.
Techn ica l f a c to r s  p la y  an im portan t r o le  in  th e  s e n s i t i v i t y  o f  
th e  h em ag g lu tin a tio n  t e s t  fo r  d e t e c t i n g  an tibody  a g a in s t  Toxocara.
E a r l i e r  workers used red  c e l l  s e n s i t i z a t i o n  te ch n iq u es  t h a t  r e q u ire d  th r e e  
to  four f lu id  volumes o f  a n t ig e n  p e r  volume of packed red c e l l s .  In 
th e  p re s e n t  s tu d y ,  a r a t i o  o f  one volume o f  a n t ig e n  pe r  volume o f  red  
c e l l  suspension  markedly in c re a sed  th e  s e n s i t i v i t y  o f  th e  hem agglu tina­
t i o n  t e s t .  The s ig n i f i c a n c e  o f  t h i s  minor m o d i f ic a t io n ,  i n  term s o f  
e a r l i e r  r e s u l t s ,  i s  d i f f i c u l t  to  de te rm ine  a t  p r e s e n t .  In  th e  p re s e n t  
s tu d y ,  th e  most im portan t t e c h n ic a l  f a c t o r  was th e  tem p era tu re  a t  which 
th e  red  c e l l s  were s e n s i t i z e d .  With e x t r a c t s  o f  Toxocara l a rv a e ,  s e n s i ­
t i z a t i o n  a t  37°C in c re ased  th e  s e n s i t i v i t y  o f  th e  h em ag g lu t in a t io n  t e s t  
(Table 3 and F igure  3 ) .  However, t h i s  was not a g e n e ra l  phenomenon in  
t h a t  w ith  the  a d u l t  Toxocara e x t r a c t s  o r  any o f  th e  A sc a r is  e x t r a c t s  
s e n s i t i z a t i o n  a t  37°C f a i l e d  to  in c re a s e  s e n s i t i v i t y  s i g n i f i c a n t l y .  
P rev ious workers s e n s i t i z e d  red  c e l l s  a t  room te m p era tu re  and used a d u l t '  
e x t r a c t s  on ly . Such a system r e s u l t e d  in  low t i t e r s ,  s im i la r  to  th o se  
observed in  th e  p re s e n t  s tudy . The la c k  o f  r e p o r t s  u s in g  l a r v a l  or 
egg e x t r a c t s  i n  e a r l i e r  s tu d ie s  may r e f l e c t  e i t h e r  th e  s c a r c i t y  o f  th e  
a n t ig e n ic  m a te r ia l  o r  the  f a i l u r e  to  g e t  p o s i t i v e  r e a c t io n s  when s e n s i ­
t i z a t i o n s  were done a t  room te m p era tu re .  Ivey (p e rso n a l communication) 
t e s t e d  e x t r a c t s  o f  i n f e c t i v e  eggs in  t h i s  manner in  1963 but w ithou t
69
success .
Although th e  above t e c h n ic a l  m o d if ic a t io n s  g r e a t l y  in c re a sed  
the  s e n s i t i v i t y  of m icrohem agglu tina tion  t e s t s  u s in g  a n t ig e n s  o f  the  
immature s ta g e s ,  c r o s s - r e a c t i o n s  w ith  A sca r is  were common. Using s e ra  
from r a b b i t s  in fe c te d  w ith  e i t h e r  Toxocara or A s c a r is , c ro ss  r e a c t io n s  
were ev id en t  w ith  a n t ig e n s  o f  immature s ta g e s  and a d u l t  s ta g e s  (Table 
4 ) .  However, th e  e x t r a c t s  o f  th e  l a r v a l  s ta g e s  d e te c te d  s i g n i f i c a n t l y  
h ig h e r  an tibody  t i t e r s  in  the  homologous system s, whereas the  e x t r a c t s  
o f  the  a d u l t  s ta g e s  gave i d e n t i c a l  t i t e r s  in  homologous and h e t e r o l o ­
gous system s, in d i c a t in g  complete la ck  o f  s p e c i f i c i t y .  The c ro s s  r e a ­
c t io n s  seen w ith  e x t r a c t s  o f  a d u l t  Toxocara and A sca r is  were to  be expec­
ted  s in c e  a n t ig e n ic  a n a ly s i s  of Toxocara and A sca r is  whole worms by 
a g a r - d i f fu s io n  s tu d ie s  have shown th a t  they have f iv e  to  n ine  common 
a n t ig e n ic  components (Kagan, 1957),. Furtherm ore, Kagan (1958), Kagan 
e t  a l .  (1959), and Jung and Pacheco (1960) re p o r te d  c r o s s - r e a c t io n s  
between A sca ris  and Toxocara systems by the  i n d i r e c t  h em ag g lu t in a t io n  
t e s t .
S evera l workers have d e te c te d  an t ibody  a g a in s t  Toxocara by us ing  
o th e r  s e r o lo g ic a l  te ch n iq u es ,  e .g .  b e n to n i te  f lo c c u la t io n  (Sadun e t  a l .  
1957); in  v i t r o  l a r v a l  p r e c i p i t i n  t e s t ,  (Olson, 1960); S chu ltz-D ale  
r e a c t io n  (Sharp and Olson, 1962); a g a r - d i f fu s io n  p r e c i p i t i n  t e s t s  
(Huntly arid Mooreland, 1963); f lu o re sc e n c e -a n t ib o d y  t e s t s  (M itc h e l l ,  
1964); p a s s iv e  cutaneous anaphy lax is  (Ivey, 1967); and complement- 
f ix a t io n  t e s t  (Fernando, 1968). A ll  of th e  i n v e s t i g a t o r s  re p o r te d  c ro ss  
r e a c t io n s .  However, H ogarth -S co tt  (1966), u s ing  th e  d i r e c t  immuno­
f lu o re sce n ce  te ch n iq u e ,  found no c r o s s - r e a c t io n s  when se ra  from
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in d iv id u a l s  in fe c te d  w ith  o th e r  nematodes were t e s t e d  w ith  Toxocara 
l a rv a e .
The g r e a t e r  s e n s i t i v i t y  o f  e x t r a c t s  o f  the  Toxocara l a r v a l  
s ta g e  and, to  a l e s s e r  e x t e n t ,  th e  Toxocara i n f e c t i v e  egg, was not 
unexpected  s in c e  Toxocara i n f e c t i o n  m a n ife s ts  i t s e l f  as  a l a r v a l  in f e c ­
t i o n  in  a l l  h o s ts  except th e  dog. Hence, th e  l a r v a l  s ta g e s  should 
c o n ta in  i n f e c t io n  s ta g e  s p e c i f i c  a n t ig e n .  A n tigen ic  a n a ly s i s  o f  l a r v a l  
and a d u l t  s tag es  by Im m unoelectrophoresis  showed th a t  th e  l a r v a l  s t ^ a s  
o f  A sc a r is  have a n t ig e n s  no t p re s e n t  in  th e  a d u l t  A sca r is  ( J u s tu s ,  1968).
I f  th e  same is  t r u e  o f  Toxocara, then  perhaps th e  a n t ig e n s  unique to  the  
l a r v a l  s ta g e  account fo r  t h e i r  g r e a t e r  s e n s i t i v i t y .  S chu ltz-D ale  
d e s e n s i t i z a t i o n  s tu d ie s  by Ivey (1965) in d ic a te d  th a t  Toxocara la rv a e  
posse s  a n t ig e n s  no t p re s e n t  in  Toxocara a d u l t s .  In th e  p re se n t  s tu d i e s ,  
th e  r e s u l t s  w ith  r a b b i t  an t is e ru m  (Table 4 )  and baboon a n t i s e r a  (F igure 
4 and Table 5) a l l  p o in t  toward th e  g r e a t e r  s e n s i t i v i t y  o f  the  l a r v a l  
e x t r a c t s .
The g r e a t e r  s e n s i t i v i t y  o f  the  A sca r is  l a r v a l  e x t r a c t  in  d e t e c ­
t i n g  an tibody  a g a in s t  A sca r is  was expected  because  in  the  r a b b i t  the  
p a r a s i t e  does not develop to  the  a d u l t  s ta g e .  Hence, t h i s  h o s t  i s  
exposed only to  the  a n t ig e n s  o f  the  immature s ta g e s .  In th e  human h o s t ,  
however, both l a r v a l  and a d u l t  s ta g e s  would occur and an tibody  to  both  
would be expected. I t  would be i n t e r e s t i n g  to  de term ine  the  s e r o lo g i c a l  
r e a c t i o n  of s e ra  from A s c a r is - in f e c te d  human h o s t s .
The lack  o f  s p e c i f i c i t y  shown by a n t ig e n s  o f  Toxocara in d i c a te s  
th a t  f u r th e r  p u r i f i c a t i o n  w i l l  be re q u ire d  to  remove th e  n o n sp e c if ic  
m oeity . Since th e  p re s e n t  s tudy dem onstrated  th a t  Toxocara l a r v a l  e x t r a c t
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was s u p e r io r  to  o th e r  Toxocara e x t r a c t s ,  a t te m p ts  a t  i s o l a t i o n  o f  a s p e c i ­
f i c  l a r v a l  a n t ig e n  by f r a c t i o n a t i o n  p rocedu res  should be done us ing  
a n t ig e n s  o f  th e  l a r v a l  s ta g e s .  Although a com plete ly  s p e c i f i c  a n t ig e n  
i s  la c k in g ,  t h e  m icrohem agg lu tina tion  t e s t ,  a s  used h e re ,  s t i l l  may prove 
of g r e a t  v a lu e  because  o f  th e  much h ig h e r  t i t e r s  ach ieved  in  th e  homolo­
gous system  u s in g  a n t ig e n s  o f  th e  l a r v a l  s ta g e .
Autopsy o f  in f e c te d  baboons re v e a le d  v i s i b l e ,  p in h e ad -s ized  
l e s io n s  in  th e  l i v e r ,  lung, and k idney. The number o f  l e s io n s  appeared 
to  be dose r e l a t e d .  L arva l reco v e ry  s tu d ie s  (Table 11) confirmed t h i s  
o b s e rv a t io n .  No g ro ss  l e s io n s  were noted in  the  b r a in  o r  h e a r t ,  but 
l a rv a e  were recove red  by d ig e s t io n .  S evera l workers have re p o r te d  
recovery  o f  l a rv a e  from v a r io u s  organs o f  ex perim en ta l  anim als and humans 
e .g .  Sprent (1952, 1955), Smith and Beaver (1953); Lee (1960); Oshima 
(1961), Done a t  a l .  (1960); Beaver (1962), Sinha (1966), and Fernando 
(1968). F u rtherm ore , Dent e ^  a l .  (1956) r e p o r te d  a necropsy  f in d in g s  
which r e v e a le d  granulom atous le s io n s  w ith  and w ithou t the  l a rv a e  o f  
Toxocara. Lesions were w idely  s c a t t e r e d  th roughout th e  v i s c e r a  and the  
la rv a e  were recove red  most abundan tly  from th e  l i v e r ,  b r a in ,  and lung.
L arv a l  granulomata  were found in  v a r io u s  organs. In th e  b r a in ,  
however, t h i c k  f ib ro u s  c a p s u le s ,  s im i la r  to  those  in  o th e r  o rgans , were 
not seen. F urtherm ore , in  th e  b r a i n , t h e  predominant c e l l s  were of the  
l a rg e  mononuclear and fo re ig n  body g ia n t  c e l l s .  Many p u n c ta te  le s io n s  
were observed a d ja c e n t  t o  p a r a s i t i c  le s io n s  and th e se  were thought to  be 
" t r a c t s "  l e f t  by th e  la rv a e  as they m igrated  f r e e ly  and e x te n s iv e ly  
through  th e  b r a i n  t i s s u e .  Done e^  a l .  (1960) b e l iev ed  th a t  th e  neuro­
l o g i c a l  symptoms a s s o c ia te d  w ith  Toxocara i n f e c t io n s  a re  caused by the
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r e a c t io n  t o  s t a t i c  l a rv a e  r a t h e r  than  by th e  damage r e s u l t i n g  from a c t iv e  
m ig ra t io n  o f  th e  l a rv a e .  Another r a t h e r  c h a r a c t e r i s t i c  f e a t u r e  o f  Toxo­
c a ra  i n f e c t i o n  in  baboons appeared to  be th e  p resence  o f  numerous hemo­
s i d e r i n  laden  macrophages a d ja c e n t  to  th e  sm all pulmonary a r t e r i e s .
These c l u s t e r s  were seen  in  a l l  bu t  one o f  th e  in f e c te d  an im a ls ,  i n  none 
o f  the  c o n t r o l s ,  and were d i r e c t l y  p ro p o r t io n a l  to  th e  dosage o f  i n f e c ­
t i v e  eggs.
Beaver (1956, 1962) s t a t e d  t h a t  th e  organs most s e v e re ly  a f f e c ­
te d  in  v a r io u s  e x p e r im en ta l  an im als  were th e  l i v e r ,  lung ,  b r a in ,  and 
k idney . In th e  p re s e n t  study  more la rv a e  were recovered  from the  l i v e r  
th a n  any o th e r  organ bu t l a r v a l  r e c o v e r i e s  from th e  lungs were of s im i la r  
magnitude in  two o f th e  four anim als s tu d ie d .  In organs o th e r  than the  
b r a in  th e  la rv a e  e v e n tu a l ly  became en c a p su la te d .  Higashikawa (1961) a l s o  
r e p o r te d  t h a t  in  mouse b r a in  Toxocara l a rv a e  were f r e e  and c e l l u l a r  
r e a c t i o n s  were n o t pronounced. However, Moore (1962) rep o r te d  a necropsy
case  w ith  numerous la rv a e  in  th e  b r a in ,  m ostly  in  granulom ata , and no
la rv a e  in  th e  l i v e r .
As p re v io u s ly  mentioned, granulom ata w ith  th i c k  f ib ro u s  capsu le s  
were more f req u en t  in  th e  l i v e r ,  lung , k idney ,  th y ro id  g la n d s ,  and mesen­
t e r i c  lymph nodes. On the  o th e r  hand, a l e s s  in te n s e  c e l l u l a r  response
was noted in  the  h e a r t—t i s s u e ,  p e r i c a r d i a l  s a c ,  and even the  l i v e r  o f  
th e  two anim als t h a t  d ied  s h o r t ly  a f t e r  th e  second in f e c t io n  (F igure  8,
9, 10, and 13). These re c e n t  le s io n s  lacked  a w e l l  c o n so l id a te d  t i s s u e  
r e a c t i o n  and were p robab ly  caused by la rv a e  o f  th e  second in f e c t io n .  
Lesions showing c e n t r a l  n e c ro s is  were more common in the  l i v e r  o f  one o f  
th e se  two anim als (F igure  8 ) .  Dent e ^  a l .  (1956) s t a t e d  t h a t  f ib r in o id
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n e c ro s is  occurred  in  th e  c e n t r a l  zone of r e c e n t  l e s i o n s ,  w h ile  o ld e r  
l e s io n s  showed f ib ro u s  e n c a p su la t io n .  In c o n t r a s t ,  in  th e  p re s e n t  s tudy  
a r e c e n t  l e s io n  a l s o  was found in  a s e c t io n  from a n  anim al t h a t  rece iv ed  
a s in g le  in f e c t i o n  6 months p re v io u s ly  (F igure  11). In t h i s  l e s io n ,  
which was a d ja c e n t  t o  th e  one th a t  lacked a l a rv a ,  an i n t a c t  la rv a  
was seen  surrounded by eo s in o p h i ls  and polym orphonuclear le u k o c y te s ,  
w ith  no evidence o f  f ib ro u s  cap su le .  Since t h i s  an im al rec e iv e d  only 
a s in g le  i n f e c t io n ,  the  f r e s h  le s io n  p o s s ib ly  su g g es ts  t h a t  a la rv a  
escaped from th e  granuloma, m igrated  to  th e  new s i t e ,  and was in  the  
p rocess  o f  be ing  r e -e n c a p su la te d  ag a in .  Beaver (1962) r e p o r te d  s im i la r  
le s io n s  in  a monkey in f e c te d  w ith  Toxocara fo r  18 months and he reached 
s im i la r  co n c lu s io n s .
The two anim als t h a t  rece iv ed  high  doses of i n f e c t i v e  eggs b e ­
came i l l  and d ied  s h o r t ly  a f t e r  th e  second in f e c t io n .  The anim als  showed 
e x te n s iv e  i n t r a - a l v e o l a r  hemorrhage and edema which r e s u l t e d  from an 




Ten baboons, two to  s ix  y e a rs  o ld ,  were d iv id ed  in t o  f iv e  groups, 
two in  each group, and were in f e c te d  o r a l l y  w ith  a s in g l e  dose  o f  e i t h e r  
one, f i v e ,  t e n ,  or twenty i n f e c t i v e  Toxocara ca n is  eggs/gm body w eigh t.  
C on tro l an im als  were n o t  in f e c te d .  The baboons were b led  a t  weekly i n t e r ­
v a l s  d u ring  th e  f i r s t  s i x  weeks, and then  every o th e r  week du ring  th e  
i n i t i a l  i n f e c t io n .  One anim al in  each group rece iv ed  a second in f e c t io n  
e i t h e r  tw elve or 16 weeks a f t e r  th e  f i r s t  i n f e c t io n .  T o ta l  w h ite  c e l l  
co u n ts ,  a b s o lu te  e o s in o p h i l  co u n ts ,  and d i f f e r e n t i a l  c e l l  counts  were 
made on each blood sample. Sera were saved fo r  subsequent an tibody  
and p r o te in  a n a ly s i s .
The w h ite  c e l l  counts  and pe rcen tage  o f  e o s in o p h i ls  reached 
a peak the  second or t h i r d  week a f t e r  i n f e c t io n .  The w h ite  c e l l  counts 
r e tu rn e d  to  alm ost normal l e v e l s  w i th in  f iv e  to  s ix  weeks a f t e r  in f e c t io n .  
The e o s in o p h i l  response  showed a s im i la r  drop during  t h i s  p e r io d  bu t 
remained above p r e in f e c t i o n  l e v e l s  d u ring  th e  e n t i r e  s tudy  pe r iod  in  
most o f  th e  an im als .  The e x te n t  of th e  e o s in o p h i l ia  and le u k o c y to s is  
appeared t o  be dose dependent. Animals given a second in f e c t i o n  showed 
a second r i s e  in  t o t a l  w h ite  c e l l s  and e o s in o p h i ls .  However, the  
re sponses  never a t t a in e d  th e  peaks reached during  th e  f i r s t  i n f e c t io n .
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Two an im als  a p p a re n t ly  d ied  as a d i r e c t  r e s u l t  of the  second in f e c t io n .
Jung and P ach ec o 's  (1960) hem ag g lu tin a tio n  p rocedure  gave p o s i ­
t i v e  r e s u l t s  w ith  a d u l t  Toxocara a n t ig e n  when a m odified  r a t i o  of a n t i ­
gen to  red  c e l l s  was used f o r  s e n s i t i z a t i o n .  However, s i g n i f i c a n t l y  
g r e a t e r  s e n s i t i v i t y  was ob ta in ed  w ith  the  a n t ig e n s  o f  th e  immature s ta g e s  
when the  tanned  red  c e l l s  were exposed to  th e  a n t ig e n s  a t  37°C fo r  30 
m inutes in s te a d  o f  a t  room te m p era tu re ,  as  was done in  most of the  
e a r l i e r  s t u d i e s .  The 37°C trea tm e n t d u r in g  red c e l l  s e n s i t i z a t i o n  g r e ­
a t l y  in c re a se d  th e  s e n s i t i v i t y  of the  t e s t  in  th e  homologous system w ith  
the  a n t ig e n s  o f  Toxocara l a r v a e ,  h a tc h in g  f l u i d ,  and in f e c t iv e  eggs, but 
n o t  a d u l t  a n t ig e n .  No s i g n i f i c a n t  improvement was noted when a n t ig e n s  
o f  v a r io u s  A sc a r is  s tag es  w ere s im i l a r l y  t r e a te d  and re a c te d  a g a in s t  
homologous a n t i s e r a .
Cross r e a c t io n s  between A sca r is  and Toxocara a n t ig e n s  occurred  
when they  were t e s t e d  w ith  a n t i s e r a  p repared  in  r a b b i t s .  G rea te r  s e n s i ­
t i v i t y  was noted  w ith  the  a n t ig e n s  o f  th e  l a rv a e .  On th e  o th e r  hand, 
th e  a d u l t  e x t r a c t s  of bo th  sp ec ie s  gave s im i la r  r e a c t io n s  in  homologous 
and h e te ro lo g o u s  system s.
Using th e  above m odified  hem ag g lu tin a tio n  t e s t ,  c i r c u l a t i n g  
a n t ib o d ie s  were d e te c te d  i n  the  s e ra  of a l l  baboons one week a f t e r  i n f e c ­
t i o n  w ith  Toxocara and they  reached a peak d u r in g  the  second or t h i r d  
week. A n tibod ies  were s t i l l  d e te c ta b le  30 weeks a f t e r  i n f e c t io n  when 
a n t ig e n  p repared  from Toxocara la rv a e  was used. In every  in s ta n c e ,  the 
system us ing  a n t ig e n  of Toxocara la rv a  d e te c te d  h ig h e r  an tibody  t i t e r s  
than  systems u s in g  Toxocara a d u l t  or A scar is  l a r v a l  or a d u l t  e x t r a c t s .
The microzone c e l l u lo s e  e l e c t r o p h o r e s i s  system was used fo r
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an a ly z in g  serum p r o te in s  changes. No s i g n i f i c a n t  changes in  the  a lpha-  
1, -2 ,  and b e ta  g lo b u l in s  were d e te c te d .  G en e ra l ly ,  th e r e  was an in c re a se  
in  th e  t o t a l  p r o t e i n ,  and s l i g h t  d ec re ase  in  th e  albumin, and an apparen t 
in c re a s e  in  the  gamma g lo b u l in  in  the in f e c te d  an im als .
At a u to p s y ,g r o s s ly ,  m u l t ip le ,  w h i te ,  p in h e a d -s iz e d  nodules were 
seen  in  the  l i v e r ,  lu n g s ,  and th e  k idney of in f e c te d  an im als .  The number 
o f  l e s io n s  was d i r e c t l y  r e l a t e d  t o  th e  s i z e  of th e  dose. Using pepsin  
d i g e s t io n ,  Toxocara la rv a e  were recovered  from th e  l i v e r ,  lung , kidney, 
b r a i n ,  and h e a r t .  Granulomata w ith  t h i c k  cap su le s  were f req u en t in  the 
l i v e r ,  lung , k idney , th y ro id  g lan d s ,  sp leen ,  and m e sen te r ic  lymph nodes.
In th e  b r a in ,  however, the  granulomas lacked  t h i c k ,  f ib ro u s  cap su le s .
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